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ADVERTISEMENT. 


This translation of Arago’s Meteorological Essays forms 
the first volume of a translation of all the principal 
works of this distinguished Author. The Introduction 
by Baron von Humboldt, which is included in this 
volume, fully explains the origin and plan of the col- 
lected edition of Arago’s works ; and it therefore only 
remains to state that Arago’s Popular Astronomy is in 
the hands of Admiral Smyth and Mr. Robert Grant, 
and that the first volume of that work, comprising the 
first and second volumes of the French original, will 
appear early in November. Other portions of Arago’s 
works will be translated by the Rev. Baden Powell. 

In conformity with the classification adopted by M. 
Arago, Terrestrial Magnetism formed a part of the 
Meteorological Essays, and is here retained in the same 
position. This Essay appears to have been written for 
the most part anterior to the considerable advances 
which have recently been made in that branch of terres- 
trial physics. It contains, however, in addition to much 
interesting information in regard to the early views of 
its illustrious author, a resumS of the results of M. 
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Arago’s own magnetical observations, which occupied a 
large portion of his time and thoughts between the 
years 1820 and 1835. The deductions from these 
observations are now for the first time made public, and 
are due to MM. Barral and Thoman, who, at M. Arago’s 
request, undertook the labour of their calculation. 

The failure of M. Arago’s health and sight having 
prevented him from revising the Essay on Terrestrial 
Magnetism as fully as he appears to have done some of 
the others, the Editor of this volume has added a few 
notes to particular passages which appeared to him to 
require some additional notice. An index to the 
Editor’s notes will be found in page 504., at the close 
of the general index. 
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BARON ALEXANDER VON HUMBOLDT. 


In these few pages I fulfil, too confidently perhaps, and 
without duly considering the measure of my ability, a mourn- 
ful duty. Invited by the kind regard of a family who are 
dear to me, to prefix a short introduction to the collected 
works of the illustrious man whose friendship, during nearly 
half a century, has contributed to the happiness of my life, 
some apology may seem to be required for having acceded 
to this request ; I offer none, however, because I have felt 
that neither modesty, nor the claims of other literary occu- 
pations, can have any place when asked to lay on this 
recently closed tomb the homage of my admiration and 
lively gratitude. 

M. Arago and I were fellow members of the Academy 
of Sciences of the French Institute ; the intimate relations 
maintained between us throughout a long series of years, 
his pleasing and constant habit of conversing with me and 
writing to me concerning his labours and his scientific pro- 
jects, afforded me the most favourable opportunities of ob- 
serving, I will not say. the development of the faculties of 
his powerful mind, but their progressive application to the 
great discoveries which we owe to him". Without intending 
to write either a Eulogium or a Biographical Notice, I pro- 
pose, therefore, to avail myself of the acquaintance which,^I 
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thus possess with all the materials whi^Jjll^ been brought 
together in the GoUectit«'wW/aSa^^ works. I would 
recall the vast extent emhi^dafd’ Bjr the labours of a single 
man in the different branches* of- htiman knowledge, and 
how, amidst this variety of objects, his mind tended ever 
towards the same leading aims, i.e. generalisation of views, 
the connection of phenomena which had long appeared to 
st^d alone, and a nearer approach to the less accessible 
regions of natural philosophy. The action of forces mani- 
fested in light, heat, niignetism, and electricity, as well as 
in the combinations and decompositions of chemistry, belong 
to the series of mysterious effects on which the brilliant dis- 
coveries of the 19th century have shed an unexpected illu- 
mination. In the field of these glorious conquests, M. 
Arago has taken his place among the great physicists of 
our age. At once ‘ardent in discovery and circumspect in 
regard to conclusions which might be beyond the legitimate 
reach of partial results, he especially delighted in indicating 
new paths by which the desired goal mTght be more and 
more nearly approached, and in recognising identity of 
cause in phenomena apparently most diverse. When we 
rise from the consideration of the method followed by M. 
Arago to that of the powerful faculties which he exercised, 
we cannot measure their extent without astonishment. 
While to scientific men he moved back the limiting bound- 
aries of the study of Nature, he had, at the same time, a 
marvellous aptitude for the diffusion of knowledge already 
acquired. Thus no kind of influence was wanting to him, 
and the authority of his name equalled its popularity. 

It was five years after my return from Mexico, during 
which interval I had had the inestimable advantage of work- 
ing with M. Gay-Lussac, with whom I had travelled in 
Italy, Switzerland, and Germany, that I became acquainted 
with M. Arago on his arrival from Algiers in July, 1809. 
He had travelled along the coast of Africa in the month of 
August, 1808, after having been long a prisoner in a 
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Spanish citadel the conclusion of important trigonome- 
trical operations for the connection of the Balearic Islands 
with the continent. 

My attention had long been drawn to M. Arago, not 
only from his having been distinguished by the choice 
which, on the strong representations of Laplace, the Bureau 
des Longitudes bad made of him to proceed to Spain for 
the purpose of terminating, in conjunction with M. Biot, 
the French arc of the meridian ; but also, and more espe- 
cially, by the opinion of the most illustrious of geometri- 
cians, — the author of the “ Mecanique Aualytique,” La- 
grange, with whom I had then the honour of being on inti- 
mate terms, and who, with the sagacity which characterised 
all his judgments, had recognised the great and early de- 
veloped powers of the young philosopher. He had been 
struck in him from the first with that faculty of penetration 
which in complex problems discerns, and rapidly and clearly 
lays hold of, the decisive point, and had often spoken of 
him to me as a young man of extraordinary promise. This, 
divination of Lagrange, who was generally so sparing of 
praise, has remained in my piemory as a title of honour 
worthy of record. 

When M. Arago’s arrival on the coast of France was 
made known at Arcueil, where I was then living in the en- 
joyment of the friendshijf of Berthollet and Laplace, I wrote 
to congratulate him before he quitted the Lazaretto at Mar- 
seilles ; and this was the first letter which he received in 
Europe after having been exposed to so many dangers and 
sufferings in preserving the fruits of his observations. I 
recall a fact of very little moment, — but I do so because 
M. Arago, feeling the charm which friendship gives to life, 
preserved a long-continued and lively recollection of it, and 
dated from thence the origin of our subsequent intimacy. 

In September, 1809, at the age of twenty-three, M. 
Arago was elected a member of the Academy of Sciences 
by 47 votes out of 52. He succeeded Lalande, whose rare 
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merit, attacked with too much levity duriij| his long scien- 
tific career, has since his death been universally recognised. 
It was not alone M. Arago’s arduous astronomical and geo- 
desical labours which the Institute desired to recompense 
by his election : the attention of scientific men had also 
been drawn to several important optical and physical in- 
vestigations. In concert with M. Biot, M. Arago had de- 
termined the weight of atmospheric air relatively to that of 
mercury, and had measured the deflection undergone by a 
ray of light in the different gases. Thenceforward the 
prism and the repeating circle were capable of furnishing 
data respecting the proportions between the constituent 
parts of the atmosphere, and even of showing how little 
those proportions vary. Such is the admirable mutual con- 
nection which links together different natural phenomena, 
that it has long been possible for the geometrician to prove 
to the chemist, solely by the measurement of an angle of re- 
fraction, that atmospheric air contains less than twenty-seven 
. or twenty-eight per cent, of oxygen. 

The velocity of light had been to M. Arago the subject 
of a no less ingenious investigation in physical astronomy. 
By the application of a prism to the object-glass of a tele- 
scope, he had proved not only that the same tables of re- 
fraction may serve for the light which proceeds from the 
sun and that which comes from tile fixed stars ; but also a 
fact which was already sufficient to cast great doubts on the 
emission theory, viz. that the rays of light coming from the 
fixed stars towards which the earth is moving, and the rays 
of light coming from the fixed stars from which she is 
receding, are refracted by exactly the same quantity. In 
order to reconcile this fact (obtained from very delicate ob- 
servations) with the Newtonian hypothesis, it would have 
been necessary to admit that luminous bodies emit rays of 
all velocities, and that it is only rays of a certain velocity 
which are visible, Le, that they alone produce in the eye 
the sensation of light. 
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In considering the kind of researches to which M. Arago 
had addicted himself even before be quitted France, we may 
remark in the iiist instance an extreme predilection for every- 
thing relating to refraction, {, e., to the path of luminous rays, 
and the causes which alter their velocity. This predilection, 
as Arago himself has often told me, took its rise from 
the assiduous perusal of the works on Optics of Bouguer, 
Lambert, and Smith, which had very early fallen into his 
hands. Can I fail to remark how great an influence must 
have been exeicised on M. Arago’s mind, during the three 
years employed by him in geodesical operations, by the 
aspect of Nature, fertile in the plains, wild and often grand 
on the summits of the mountains; by the colour of the agi- 
tated waters of the ocean ; by the varying height of the 
clouds ; by the mirage over the arid shores, and in the strata 
of the atmosphere in which the night signals appeared to 
be multiplied, and^o be alternately elevated and depressed; 
and generally by the life passed in the open air, beneficial in 
so many respects ; in enlarging his sphere of thought, and 
stimulating his imagination, and exciting his curiosity, 
amidst the continual perturbations occurring in the, never- 
theless, so regular, succession of phenomena ? A traveller 
whose life is devoted to science, if susceptible to the im- 
pressions of grandeur in the scenes of Nature, brings back 
from distant and adventurous rambles not only a treasure 
of recollections, but what is still far more precious, — a dis- 
position to enlarge the horizon of his* contemplations, and 
to consider a great number of objects at once, and in their 
mutual relations. M. Arago had a marked preference for 
all the phenomena of meteorological optics ; he was espe- 
cially fond of investigating the laws which reg^ulate the 
perpetual variations of the colour of the sea, the intensity 
of reflected light on the surface of clouds, and the play of 
atmospheric refractions. 

If I might here permit myself to enter into some details, 

[ would recall how greatly the young astronomer had been 
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struck by the facility with which, when seated on a mountain 
cli£ descending abruptly to the water, his eye could penetrate 
to the bottom of the sea and discern its rugged inequalities. 
This simple observation led him at a subsequent period into 
highly interesting discussions concerning the ratio of the light 
reflected at an acute angle from the surface of the water to 
that which comes from the bottom of the water ; it also led 
him to the ingenious idea of suggesting, for the discovery of 
shoals or rocks under water, the use of a plate of tourmaline, 
cut parallel to the axis of double refraction, and placed before 
the pupil of the eye in such a position as to eliminate the rays 
reflected from the surface of the water under an angle of 
37“, and consequently, completely polarised. As said by 
himself in the instructions drawn up for the voyage of cir- 
cumnavigation of the Bonite, this was an attempt to intro- 
duce polarisation into the art of navigation. 

The number and variety of M. Arago’s investigations, 
directed equally to terrestrial and celestial physics, will 
render an account of his life, when it shall be attempted, a 
very difficult task. In all these we find the same penetra- 
ting spirit, the same ardour in scientific advance, and at the' 
same time the same temperate reserve in the formation of 
conjectures. It has been said elsewhere, and justly, that M. 
Arago had derived from his thorough study of mathematics, 
that strictness of method, and security of view, which he 
brought both to his own experimental researches and to the 
appreciation of those fliade by his contemporaries. The public 
believe that generally speaking they- have a right to feel a 
little mistrustful as to the solidity of researches by the same 
author on a considerable variety of subjects ; the pre- 
sumptuo^ expression of “ universal knowledge,” is highly 
dangerous, besides being always misapplied. Bacon, Newton, 
Leibnitz, and Cuvier, possessed very varied, but assuredlj’’ 
not universal, knowledge. By the extent and variety of his 
knowledge, M."' Arago takes a place by tbe side of the most 
eminent men of whom science can boast. 
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In order to place in a true light the merit of mea who 
have left behind them a bright track to mark their passage 
amongst us, we should gx pur attention first on the most 
salient points in what has been, effected by them. The great 
discoveries of M. Arago helong to the years 1811, 1820, 
and 1821. They relate t#optics, to phenomena in physical 
astronomy, to electricity in motion, and to the development 
of magnetism by rotation. To indicate them more specifi- 
cally, they are, — 1st, the discovery of coloured or chromatic 
polarisation ; 2Ddly, the precise observation of the displace- 
ment of the fringes, caused by the encounter of two luminous 
rays, one of which passes through a transparent plate, as 
gjass, for example, — a phenomenon which indicates a dimi- 
nution of velocity, or a retardation while in progress, and is 
in direct opposition to the emission theory j Srdly, the first 
observation of the property of attracting iron filings possessed 
by the wire which conducts electricity in Oersted’s experi- 
ment, otherwise called the reophore of the pile ; the happy 
idea of causing the electric current to pass in a helix round a 
needle, and to magnetise it as well by the discharge of a 
Leyden jar as by a voltaic pile j and, 4thly, rotation 
magnetism. 

The discovery of chromatic polarisation led M. Arago to 
invent the polariscope, a photometer, the cyanometer, and 
apparatus of various kinds used in studying different optical 
phenomena. It was by experiments on chromatic polarisation 
that previously to 1826 M. Arago showed by physical evidence 
that the light of t^ sun proceeds, not from an incandescent 
solid or liquid mass, but from a gaseous envelope. Having 
found the means of distinguishing direct from reflected light, 
it was possible to ascertain that in the light which proceeds 
from the tails of comets a portion is polarised, a^Pthat that 
light must therefore necessarily be supposed to be, in part at 
least, borrowed. Chromatic polarisation also furnished M. 
Arago with a means of recognising that the diflused light of 
the atmosphere is ii]\^art polarised by reflection, and that by 
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successively examining the atmospheric strata at different 
heights and in different azimuths th^re is discovered a neutrat 
point in regard to polarisation, situated in the sun’s vertical 
plane, and about 30® above the point opposite to that luminary. 
This point, which is called neutral, because there is no sensible 
polarisation at it, differs from the t#o other “ neutral points ” 
of. Babinet and Brewster, which were discovered later. 

In this fine series of optical investigations I have stil. 
to speak of two subjects which have been in a very great 
degree elucidated by Arago and his constant friend Fresnel, 
himself a master and discoverer in several departments of 
optics ; they are subjects whose importance cannot be denied, 
since they touch on the great phenomena of interference and 
diffraction,- The first of these is the scintillation of starSf 
a phenomenon which the illustrious Thomas Young, to whom 
we owe the fundamental laws of the interferences of light, 
had thought inexplicable. The scintillation is always accom- 
panied by a change of colour, and of the intensity of the 
light. The luminous rays from the stars, after having 
traversed an atmosphere in which there are always strata 
differing in temperature, density, and humidity, and, con- 
sequently, in refracting power, re-unite to form an image, 
vibrate in accord or disaccord, and either reinforce or destroy 
each other by interference. I take pride in recalling that 
extracts from this fine theory of scintillation were published, 
for the first time, in 1814, in the fourth book of my 
“ Voyage aux Regions Equinoxiales du Nouveau Continent.” 
The memoir itself, which is full of^ curious historical 
researches, is one of the principal ornaments of the collec- 
tion of the works of my illustrious friend. Other extracts 
relating to the same subject, but taken from more recent 
manuscri^ belonging to the year 1847, have been inserted 
in the astronomical part of my work entitled “ Cosmos.” 

The Interference of light, respecting which, Grimaldi (of 
Bologna} had already obtained some vague glimpses about 
the second half of the 17 th century, l^as given occasion to 
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the enunciation of a fundamental truth, which has already 
been often proclaimed, viz., “ That under certain conditions 
light added to light produces darkness.” No doubt there 
is inscribed in these few words the victory of the undu- 
latory over the emission theory but this victory could not 
be regarded as assured and complete until supported by 
simple experiments which could not be rejected. As I have 
already said, M. Arago had discovered, in 1818, the re- 
markable effect produced in the phenomena of interferences 
by a very thin plate, placed in the path of one of the 
two interfering rays. There then occurs a displacement of 
the fringes, and a retardation in the light, v^hich moves 
more slowly through a denser substance. “The property 
of two rays of light to destroy each other by interference 
being once established,” says M. Arago, in alluding to other 
experiments made by him conjointly with Fresnel, “ is it not 
yet far more extraordinary that we should be able at plea- 
sure to take from them that property, and that one ray should 
lose it for the moment only, while another, on the contrary, 
should be deprived of it for ever after ?” 

When Mr. Wheatstone, in his fine experiments on the 
duration of the electric spark (1835), had succeeded in using 
with great success his ingenious rotatory appinratus, M. Arago 
immediately perceived the possibility, by applying the' same 
principle of rotation, of measuring, by angular deviations, the 
difference of the velocity of light in a liquid and in air. He 
gave an account of the experiment which he proposed to make 
to the Institute towards the end of the year 1838. Aided by 
an experienced and skilful artist, (the younger Breguet,) he 
succeeded, after many changes in the apparatus, in realising 
his project. In the course of the trials for this purpose, 
M. Breguet had succeeded in causing an axis to^urn eight 
thousand times in a second, when relieved of the weight of 
the mirror which it carried. At last, in 1850, all was ready, 
and the apparatus, with its various improvements, could be 
made to work ; bitt the great aud sad alteration which 
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M. Arago’s sight had, atmoat aaddenly, uodergone, took 
from him the hope of himself engaging in the observations. 
In a note presented to the Institute, on the 29th of April, 
18<50, he announced this, saying, with a noble simplicity, 
“My pretensions mast be limited to having propounded 
the problem, and publicly proposed certain means for its 
resolution. In the present state of my eyes, I can only ac> 
company with my best wishes the experimentalists who 
shall be willing to follow up my ideas, and add a fresh proof 
in favour of the undulatory theory to those which I have 
deduced from a phenomenon of interference, too well known 
to physicist^for it to be needful that I should recall it here.” 
M. Arago had the satisfaction of seeing his wishes fulfilled. 
Two experimenters, equally distinguished by their talent and 
by the delicacy of their observation, M. Foucault, to whom 
we owe the physical demonstration, by means of the pen- 
dulum, of the earth’s rotation, and M. Fizeau, who has de- 
termined by an ingenious method the velocity of light in the 
atmosphere, succeeded, after adding some further improve- 
ments to the means proposed by M. Arago, in resolving 
the question, in the sense which is subversive of the emission 
theory. MM. Foucault and Fizeau presented the results 
of their labours to the Academy of Sciences, the former 
in May, 1850, and the latter in September, 1851. 

If I have dwelt at some length on the principal researches 
of M. Arago on light, it has been because it was the subject 
to which he devoted himself with greater perseverance than 
to any other, for an interval of more than forty years. His 
discoveries in electricity and magnetism, however important 
they may be in themselves, only occupied him, compara- 
tively speaking, transiently. The attraction exercised on iron 
filings by^he reophore wire joining the two poles of the 
Voltaic pile, and the magnetisation effected by the employ- 
ment of a wire coiled as a helix, either continuously or with 
interruptions and changes of direction, had been observed by 
M. Arago previous to the admirable labours of Ampere, and 
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these observations had already g^ven a lively impetus to elec- 
tro-magnetic researches. 

Rotatign'Magmtism was discovered by M. Arago during 
a visit which be made to England, together with myself, for 
the purpose of ^mparing the length of the pendulum con- 
jointly with M. Biot. • The results of our observations were 
not so satisfactory as we could have desired ; but M. Arago, 
while engaged with me on the slope of Greenwich Hill, in 
determining the magnetic intensity, by the number of vi- 
brations performed in a given time by a dipping needle, 
made the important remark, whiclf was exclusively his owrit 
that a magnetic needle which has been set in motion, comes 
to rest sooner when placed in proximity to other substances, 
metallic or non-metallic, than when at a distance from them. 
From this first remark, rendered fruitful by ingenious com- 
binations, he was led in 1825 to explain the phenomena pro- 
duced by the rotation of disks acting on needles at rest, as 
well as the influence which water, ice, and glass exercise 
on magnetic needles. The excitement of magnetism by 
motion became a subject of warm discussions between Nobili, 
Antinori, Seebeck, Barlow, Sir John Herschel, Babbage, 
and Baumgartner, which lasted for six years, or until 1831, 
when the brilliant discovery of Faraday linked all the phe- 
nomena of magnetism by rotation to the fruitful principles 
of induced currents. Such is the character of the onward 
progress of the sciences at those periods, unhappily too 
short, in which they advance with a rapid step, in which 
ideas tend towards increased generalisation, and the minds 
of the students of nature are gradually rising towards a 
higher order of conceptions. 

In tracing tj|ie present sketch of the 'more important of 
M. Arago’s labours, and of the influence which' they have 
exercised, I have availed myself, in addition to my own re- 
collections, of those of two men devoted to his memory : 
M. Auguste de La Rive, the celebrated Genevese professor, 
and M. Barral, a chemist and physicist of rare merit, bold- 
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ing^ an official station in the instruction g^ven at the Ecole 
Polytechnique, of which establishment I preserve a per- 
sonally grateful recollection from having long worjied there 
under the direction of M. Gfay-Lussac. 

After the general view above given, I ha^ still to enter 
into some details respecting the distribution of the materials 
of which M. Ara^o’s collected works will consist. But I 

O 

must first premise that it will be difficult to follow any very 
determinate order, so close are the links which unite the 
different sciences, and which new discoveries are multiplying 
daily, and so uncertain ar% the limits which divide them. 

I also find myself constrained to increased indefiniteness, 
from the circumstances of my being at a distance from 
France (which was long to me, as it were, a second father- 
land), and of not having M. Arago’s manuscripts before me. 

I divide the labours of my illustrious friend generally into 
six groups. 

1st. Literary and 'Biographical Part, 

I believe I am a just exponent of the public voice, amidst 
all the dissimilarities of opinion, when I extol in M. Arago’s 
“ Eloges Acad4miques,” the critical care given by him to 
inquiry into the facts, the impartiality of his judgments, 
the lucid clearness of his scientific expositions, and a fervour 
which increases in proportion to the elevation of the subject. 
The same qualities distinguish the different discourses which 
were pronounced by him in the political assemblies, where 
from the nobleness, and purity of his convictions, he occu- 
pied so eminent a place, and -the reports which were drawn 
up by him for the purpose of causing due honour to be paid 
to science in the persons of some celebrated ipventors. 

In order that the merits of the men whose life and labours 
he proposes to trace and to characterise may be justly ap- 
preciated, M. Arago generally begins with a sketch of the 
state of knowledge at the period when their career com- 
menced. He brought to this work no less patience than . 
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ardour ; and in consequence his ,61oges are of high impor. 
tance for the history of science, and particularly for 
the history of great discoveries. Profound convictions, ac- 
quired by long and arduous researches, have sometimes 
rendered his judgments severe, and have caused . him .to be 
exposed to unjust criticisms. The discovery of the decom- 
position of water, for instance, and the invention of the 
high-pressure steam engine which has so powerfully seconded 
the dominion of man over nature, are facts in regard to 
which, as in regard to many others also, sentiments of 
nationality are not the only cause of the divergence of opinion 
existing among scientific men. 

A zealous defender of the claims of intellect, M. Arago, 
in his eloges, often leads us to feel how much elevation of 
moral char.acter dignifies and ennobles mental labours. In 
his expositions of the principles of science, on which he knew 
well how to shed an admirable and persuasive clearness, 
the style of the orator becomes the more expressive, the 
greater the simplicity and precision which it offers 5 in such 
passages he attains what Buffon denominated /« v6rit6 du 
style. 

2 nd. Part relating to Astronomy and Celestial Physics. 

Operations for the measurement of the French arc of the 
meridian in its most southern part, executed conjointly with 
M. Biot. — Figure of the earth. — Investigations relating to 
the precise determination of the diameters of the planets. — 
New ocular micrometer, and new prismatic telescope different 
from that of Rochon. — Summer and winter solstices ; vernal 
and autumnal equinoxes ; declinations of southern and cir- 
cumpolar stars ; absolute position of the pole star in 1813 ; 
latitude of Paris ; parallax of 61 Cygni (conjointly with M. 
Mathieu). — Geodesical operations made on the coasts of 
France and of England, conjointly with M. Mathieu and with 
English men of science, for determining the. difference of lon- 
gitude between Greenwich and Paris. — Researches on the 
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declination of some stars of the firsjt and second magnitudes, 
made conjointly with MM. Mathieu and Humboldt. — Photo- 
metric researches on the comparative intensity of the light of 
different heavenly bodies, and of the light proceeding from 
the margin and from the centre of the sun’s disc. — Intensity 
of the light in different parts of the moon.— Variability of 
the ashy-coloured light of the moon’s disc. — Polar regions 
of the planet Mars. — Bands or “belts” of Jupiter and 
Saturn. — Light of Jupiter’s satellites compared to that of 
the central planet. — Physical constitution of the sun and of 
its different envelopes. — Light emanating from the gaseous 
parts of the sun. — Singular phenomena presented by total 
eclipses of the sun. — Reddish protuberances showing them- 
selves on the contour of the moon during a total eclipse of 
the sun. — Rays of polarised light in the light of comets. — 
Cause of the scintillation of stars. — Tables of refraction; — 
Irradiation. — Effect of telescopes on the visibility of stars 
during daylight. — Considerations respecting the diffused 
light of the atmosphere. — Velocity of light proceeding from 
the stars towards which the earth is moving, and from the 
stars from which she is receding. — Velocity of transmission 
of rays of different colours. — Means furnished by the phases 
of Algol for measuring the velocity of transmission of the 
rays of light. 

The “ Popular Astronomy,” which contains the exposi- 
tion of the different courses of public lectures delivered by M. 
Arago, from 181!^ to 1845, in the magnificent theatre of the 
Observatory, and which were attended by all classes of 
society with the most lively interest, will be the principal or- 
nament of this second part of his works. In reading the 
treatise entitled “ Popular Astronomy,” many pleasing and, 
at the same time melancholy recollections will be awakened 
in the minds of those who had the good fortune of being 
present at the lectures' given by M. Arago, and of admiring 
the manner of their delivery — so simple, so persuasive, so 
engaging, and awakening so much regard for the speaker. 
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III. Optical Pari. 

Difference in the nature of the light emanating from 
incandescent bodies, solid or gaseous. — Means of distin- 
guishing by the polariscope polarised from ordinary light. — 
Constant relation between the proportion of polarised light 
existing in the transmitted or refracted pencil and that 
which exists in the reflected pencil. — M. Ardgo also found, 
in conjunction with M. Fresnel, that polarised rays. do not 
exercise any mutual influence when their planes of polar- 
isation are perpendicular to each other, and that consequently 
they cannot in such case produce any fringes, although all the 
conditions required for the appearance of that phenomenon, 
in other cases, shall have been scrupulously fulfilled. — 
Treatise on photometry, founded on the theory of undu- 
lations, (an investigation at once experimental and theoretical, 
great part of which was contained in seven memoirs pre- 
sented to the Academy of Sciences in 1850). — Refraction 
of luminous rays in different gases and under different 
angles. — Memoir on the possibility of determining the 
refracting powers of bodies from their chemical composition. 
• — Investigations on the affinity of bodies for light, made 
conjointly with M. Biot. — Chromatic polarisation; its varied 
applicability in celestial and terrestrial physics. — Circular 
(rotatory) polarisation, or phenomena of colorisation, dis- 
covered as early as 1811 by M. Arago, in plates of quartz, 
cut perpendicularly to the axis of the crystal ; (the white 
ray which traverses presents the most vivid colours when 
looked at through a doubly refracting prism). — Reflected 
and transmitted coloured rings. — Application of double re- 
fraction to photometry. — Formation of photometric tables, 
showing the.quantities of light reflected and transmitted by a 
plate of glass, for inclinations comprised between 4® and 26% 
and continued up to perpendicular incidence by a particular 
process. — Estimation of the loss of light which takes place 
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by reflection at the surface of metals, and demonstration oj 
the important fact that there is no loss of light in total or 
entire reflection. — The law of Malus, called the law of the 
cosine, on the division of polarised light,** which was at first 
only an empirical mode of representing appearances,” was 
demonstrated experimentally by M. Arago, for the case in 
which the polarised pencil traverses either a doubly refract- 
ing prism or a tourmaline cut parallel to its axis. (The 
polarimeter of M. Arago, employed in these kinds of ex- 
periment, was so delicate that it indicated unequivocally the 
presence of an eightieth part of polarised light in a pencil of 
rays. In all these experiments relating to photometry, the 
experiments and calculations were made by MM. Laugier and 
Petit under the direction of M. Arago.) — Demonstration of 
the possibility of constructing *an interferential barometer, 
thermometer, and refractor. — Views respecting the measure- 
ment of mountains by the polariscope, and of the height of 
clouds by the aid of a graduated polarimeter. 

IV. Electro-magnetical Part. 

Discovery of the property of attracting iron filings pos- 
sessed by the reophore, or current-bearing wire joining the. 
poles of the pile. — Magnetisation of a needle by means of 
the passage of the electric current in a helix ; consecutive 
points resulting therefrom. — Rotation-magnetism, by which 
it was made certain that all bodies are susceptible of 
acquiring magnetism, a fact already divined by William 
Gilbert, and rendered probable by the ingenious experiments 
of Coulomb. — Observations of the horary variation of the 
magnetic declination at Paris from 1818 ; secular change 
of the same phenomenon. — Discussion respecting the move- 
ment from east to west, of the nodes or pojnts of inter- 
section of the magnetic with the geographic equator. — 
Perturbations, occasioned by the influence of polar auroras, 
in the march of the horary variations of the magnetic decli- 
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nation at places where the polar aurora is not visible. — 
Simultaneity of perturbations of the declination (magnetic 
storms), proved by corresponding observations at Paris and 
Kasan, at Paris and Berlin, at Paris, Berlin, and the mines 
of Freiberg in Saxony. — Observation of the deflection by 
the approach of a magnet, of the jet of light which unites 
the two charcoal points of the conductor in a closed electric 
current; analo^es which this experimeiit presents to the 
phenomena of the aurora borealis. — Discovery in 18^7 
of the horary variation of the magnetic inclination and force. 


V. Part relating to Meteorology and the General 
Principles of Atmospheric Physics, 

Determination of the specific weight of atmospheric air, 
made conjointly with M. Biot. — Experiments made with 
M. Dulong, for the purpose of establishing that Mariotte’s 
law undergoes no essential variation up to the pressure of 
twenty-seven atmospheres, and- much beyond.— i. Dangerous 
experiments made with the same physicist (M. Dulong), 
on the elastic force of steam at very high temperatures. 
— Table of the elastic force of steam, and corresponding 
temperatures. — Formation of halos, and polarised light 
which halos reflect. — Cyanometer. — Optical researches on 
the causes of the colour of the water of the sea and of 
rivers. — Cold produced by evaporation. — Researches on 
the quantity of rain falling at diflerent heights and at 
different places. — Explanation of the injurious effects which 
have been attributed to the moon under the name of the 
“ lune rousse*' — A very extensive memoir on thunder, 
and different kinds of lightning, enlarged by numerous 
additions dictated by M. Arago, during his last illness, 
to a learned and devoted secretary, M. Goujon, a young 
astronomer attached to the Paris Observatory, who in the 
same manner wrote the “ Astronomie Populaire ” to the dic- 
.. b 
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tation of his illustrious master. — Experiments on the 
velocity of sound, made in 182Q between Montlh^ry and 
Villejuif, conjointly with Messrs. Gay-Lussac, Bouvard, 
Prony, Mathieu, and Humboldt, assisted' by the artillery of 
the Garde Royale. 


VI. Parf relating to Physical Geography. 

Level of seas. Thermometric state of the globe. — 
Temperature of the surface of the sea in different latitudes, 
and of the sea water in successive strata down to the greatest 
depths. — Currents of warm and cold water. — The waters 
of the ocean compared to the atmosphere above them in 
respect to temperature. — Colour of the sky and of clouds 
at different heights above the horizon. — Neutral point of 
polarisation in the atmosphere. — Use of a plate of tour- 
maline cut parallel to the faces of the prism, for seeing 
shoals and the bottom of the sea. — Temperature of the 
air at the North Pole. — Mean temperature of the interior 
of the earth, at depths accessible to man ; (observations made 
on the temperature of wells, bored to different depths, have 
conducted to the law of the increment of heat in descending 
below the surface of the earth). 


Such is the outline, — very incomplete, notwithstanding the 
vast treasures which it contains, — of the labours of M. 
Arago. They have raised him to the rank of one among 
the most eminent men of the nineteenth century. His name 
will be honoured wherever respect for services rendered to 
science, a just sentiment of the dignity of man and the 
independence of thought, and the love of public liberty 
are preserved. But it is not alone the authority of a mighty 
inicllect which has given to M. Arago the popularity which 
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be enjoyed: the conscientious zeal which failed not when 
death approached, the desperate efforts to fulfil up to the 
last moment the most minute duties, havG contributed to the 
honour in which hja name is held. Nor should the charm 
of his diction, the amenity of his habits and manners, and 
the kindliness of his character be forgotten. Capable of 
the most tender devotion, the vivacity of his ardent mind 
and disposition always tempered by its natural sweetness and 
kindness, "M. Arago enjoyed, in the midst of an intelligent 
and affectionate family, the peaceful happiness of domestic 
life. In the surviving circle of those most dear to him 
M. Arago found all that a touching assiduity, the exerfcise of 
intelligent foresight, and .the most tender and inventive zeal 
could offer to soothe and alleviate during the slow exhaustion 
of his strength. He died surrounded by his sons,- — a sister, 
Madame Mathieu, worthy of the tender affection of such a 
brother, — and a niece, Madame Laugier, who gave to him 
the most unremitting and devoted care, and who, at the last 
moment, showed no less fortitude in grief than she had done 
nobleness in her entire and touching self-devotion. 

At a distance from M. Arago’s bed of suffering, I could 
only .testify from afar my deep affliction. Even the certainty 
of the near approach of this loss could not lessen its 
bitterness. As a last homage to the memory of him who 
has been so recently taken from amongst us, I subjoin here 
a few lines which have been already published elsewhere : — 
“ That which characterised this man of unique mould was 
not alone the powerful genius which originates new ideas, 
and renders fruitful those already attained, or that rare luci- 
dity which can describe recently discerned and complicated 
departments of discovery as clearly as if they had been the 
long acquired possessions of human intelligence ; it was also 
the engaging combination of^he force and elevation of an im- 
passioned character with the affectionate sweetness of a more 
gentle one. I am proud of thinking that, by my tender difvo- 
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tion, and by the constant admiration to which I have given 
expression in all iny works, I have belonged to him for 
forty-four years, and that my name will sometimes be pro- 
nounced by the side of his great name.” 

ALEXANDER VON HUMBOLDT. 


Potsdam, November, 1853. 
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THUNDER AND LIGHTNING. 

I HAVE often been consulted on the subject of lightning con- 
ductors, by architects charged with the care of public buildings ; 
by officers of the corps to which rightfully appertains the con- 
struction of powder magazines ; by the commanders of ships both 
of war and of commerce; and by a great number of citizens 
of all classes of society. I may therefore be permitted to affinn 
that, generally speaking, physicists by profession are the only 
persons who have a true and exact idea of the preserving pro- 
perties of this kind of apparatus. If lightning conductors are 
asked for and erected, it is simply out of deference to the 
decisions of academies. Every one desires, by this means, to 
shelter his own responsibility under the u®gis of Science ; but 
as to an entire conviction of the efficaciousness of the method, 
this, I think, will be rarely found. Some do not go beyond 
doubts, and wait before pronouncing an opinion until real 
demonstrations shall be offered to them, instead of mere ana- 
logies. Others, comparing the apparent insignificance of the 
preservative with the vastness of the possible damage which it 
is designed to avert, declare that it is repugnant to their reason 
to admit that a slight metallic rod can suffice to shelter a great 
edifice, or a majestic ship, from the dreaded thunder-stroke. In 
their view, these rods, which shoot up into the air with such 
high-sounding names and lofty pretensions, are really quite in- 
efficacious either for good evil. Others give themselves 

up to an opposite set of ideas, and attribute to these metallic 
rods a powerful but injurious action. They say that it is deli- 
berately calling down the thunderbolt on the buildings on which 
such rods are elevated, creating a peril which would not other- 
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wise have existed, and endangering, at the same time, adjacent 
houses, by inviting the descent of the storm-cloud which might 
else have passed on,^ and discharged its contents harmlessly at a 
distance. ^ 

Frederick the Great of Prussia tacitly ranged himself among 
those hostile to Franklin’s invention when, whilst yielding to 
public opinion and to that of the Berlin Academy by permitting 
lightning conductors to be erected on his barracks, arsenals, 
and powder magazines, he expressly forbid their being placed 
on the palace of Sans Souci. 

The doubts and difficulties alluded to have struck deep root 
in many minds. In reflecting on the best means of eradicating 
them and augmenting the number of enlightened partisans of 
the use of conductors, it occurred to me that it would be advis- 
•able to separate observation altogether from theory ; and that 
the safest and most reasonable, proceeding would be to analyse 
the well-authenticated effects of lightning, and to try to deduce 
from them general inferences, without borrowing anything 
analogically from the electric experiments of physical philo- 
sophers. I thought it, in short, advisable to become, in the 
first instance, the exact historian of even minute details relating 
to the meteor itself> being ready afterwards, if it appeared de- 
sirable, to seek amongst phenomena which on a far smaller scale 
either surround us in ordinary life, or which we have learnt to 
produce in our laboratories, for points of contact or comparison 
which might prove more or less fruitful in inferences. This 
was the plan of operation which I had formed for myself when 
I first announced the publication of a notice or memoir on 
the phenomena of thunder. I imagined that all the requi- 
site elements would have been found in modern treatises on 
physics, and that I was only engaging in a short work, and 
incurring merely the obligation, first, of collecting facts, con- 
stant in their occurrence, definite in their features, and having 
well-marked distinctive characters ; and next, of co-ordinating 
them according to a particular arrangement and method suited 
to the object which I had in view. So far from this proving to 
be the case, I have been obliged t^||pave recourse to the original 
authorities for my facts, and to look over many hundred volumes 
of our Academy of Sciences, of the Journal de Physique, of 
the Philosophical Transactions of London^ those of Berlin, 
&c. &Cr 5 and to do the same by a niultitude of other wor^s. 
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memoirs, narratives of voyages and travels ancient and modern, 
&c., written for the most part without method, clearness, or 
definite object ; in short, to read everything that might offer the 
hope, often disappointed, of discovering among a thousand, use- 
less details one fact or remar£: which might be available for 
science. 

Some persons, I am aware, have been of opinion that I was 
committing a grievous error in selecting such a subject for one* 
of my Notices ; ” because they considered that it had been 
utterly exhausted by Franklin and the numerous physicists who 
had followed up or emulated his researches ; and more particu- 
larly by justly celebrated Academic Commissioners who had been 
from time to time appointed both in Paris and London to report 
officially, for the information of the authorities, respecting the 
use of lightning conductors. Far from having been led to 
concur in this opinion, the effect of my own laborious inquiries 
has been to make me dissent from it more and more. So far 
from the question having been previously exhausted, I consider 
that after all the pains which I have myself taken, the most 
to which I can pretend, is to have supplied for the future history 
of thunder and lightning a sort of canvas,*’ to be gradually 
filled up, by the arrangement in their appropriate places of 
facts with which meteorology has still to be enriched. Not- 
withstanding the many observations, forgotten or overlooked, 
which I have been able to bring again to light, and to group in 
systematic order, it is by the vacancies still requiring to be 
filled up, and which so far from disguising, I have desired to 
point out, that I deem my memoir may prove more especially 
serviceable. May it be the means of inducing travellers and 
meteorologists to regard this formidable meteor as a rich subject 
of study ! The fulfilment of this wish would amply repay the 
time and care which I have bestowed on the subject. 


CHAPTER I. 

DEFINITIONS. 

In conformity with usage I should wish to begin this; notice 
with fixing the signification of the words foudre” and ton- 
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nerre^’ (thunderbolt or lightning, and thunder). But good 
definitions are not always attainable either by all persons or on 
all subjects, I will, therefore, take legal definitions, or those 
which the French Academy has recorded in its new dictionary, 
Foudre, Le feu du ciel, la mati^re 61eetrique lorsqu’elle 
s’^chappe do la nue en produisant une vive lumi^re et une 
violente detonation,” ' 

Lightning. Fire, from the sky, electric matter escaping from 
a cloud and producing a vivid light and violent explosion, 

Tonnerre. Bruit eclatant cause par Texplosion des nuecs 
eiectriques.” 

Thunder. The loud noise caused by the explosion of elec- 
tric clouds. 

It fliay be very true that persons difficult to satisfy, or scru- 
pulous in such matters, might still find something to blame in 
these few lines. They would be entitled to ask whether the 
learned, technical, and modern word electricity is suitable in 
the definition of a phenomenon as old as the world, and whic^li 
had been known as the cause of so many fatal accidents before 
physical philosophy had caught the first glimpse of any of the 
rudiments of electrical science. Fault might also be found 
with what is problematical or theoretical in both the definitions, — 
for instance, with the words explosion des nuees,” which can 
in no way be attached to any of the eight or ten hypotheses 
which have been proposed to explain the rolling of thunder. 
But what result could be drawn from such reflections ? possibly 
that the honourable authors of the dictionary had in the case 
before us been less happy than usual. Well, then, it would 
still have to be shown whether anything better could have been 
done. Suppose we should say that the foudre,” thunderbolt,” 
or. thunder and lightning,” is a meteor or meteorological 
phenomenon, which, when the sky is covered by a particular 
kind of cloud, manifests itself by a sudden dart or flash of lights 
followed, after a greater or less interval, by a noise more or less 
prolonged,^^ Such a definition would escape most of the criti- 
cisms noticed above^ inasmuch as it contains nothing hypothe- 
tical, nothing borrowed from the modem experiments of phy- 
sicists ; nothing which is not the result of simple and direct 
observation ; but perhaps on reflection other objections might 
be found. We have, however, to remark in particular that the 
word tonnerre”— thunder,” the direct signification of which 
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is, noise, an explosive or rolling noise* is eo often tak0n for the 
equivalent of the word ^^foudre,” (as in the expressions; ‘‘le ton- 
n6rre est tomb6,” ^*frapp4 de tonnerre,^’ “feu du tonuerre,” &c.,) 
— that the two expressions have come to be employed indiscri- 
minately^ even in cases where some confusion, or, at least, want 
of clearness of style, may be occasioned thereby. Our best 
authors do not commit this fauft ; as may be shown by the 
often-quoted phrase of one of our greatest prose writers : “ Le 
ciel a plus de tonnerres pour ^pouvanter qu’il n’a de foudres pour 
punir.”' (Heaven has more thunders to alarm than thunder- 
bolts to punish.) 


CHAR IL 

EXTERNAL CHARACTERISTICS OF STORM OR THUNDER- 
CLOUDS. 

In ordinary discourse clouds are regarded as a symbol of 
variability and vagueness of form. Changing,” or “ change- 
ful as the clouds,” is a proverbial expression. Yet we arc about 
to examine, with those who make meteorology an object of 
study, whether the clouds in the midst of which the thunder- 
bolt is born and nursed, from whence issue dazzling jets of 
light and detonations louder than those^ of artillery, are not 
distinguished from ordinary clouds by some peculiar features, 
constantly attaching to them, .and easily recognised. 

Among these distinctive features I will mention in the first 
instance a kind of “fermentation” to which storm clouds appear 
to be exclusively subject. An English physicist, Jorster, 
compared this fermentation to the movement observed on the 
surface of a piece of cheese full of mites, which seems agitated 
in every point, without ever materially changing its place.” 

When in calm weather we see that there begin to rise some- 
what rapidly, at some point of the horizon, very dense clouds, 
resembling heaped-up masses of cotton, terminated by a great 
number of well-defined rounded contours, almost as sharply 
marked as would be the suminits of dome-shaped mountains 
(Covered with snow ; when these clouds appear as it were to 
expand or swell out, diminishing in number as they increase in 
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size; when, notwithstanding all these changes of form, they 
remain constantly attached to their first base ; and finally, when 
thesfe contours, which at first were so numerous and so distinct, 
have gradually melted into each other so completely, that the 
whole presents the aspect of only one single cloud, then, ac- 
cording to Beccaria, we may announce with certainty the 
approach of a thunderstorm. 

To these preliminary phenomena there succeeds, still on the 
horizon, the apparition of a very dark cloud which seems to 
touch the earth and connect it with the clouds which have just 
been described. The dark tint spreads gradually to the higher 
clouds ; and itas worthy of remark that it is at this stage that 
their general surface, or at least that which is seen from the 
plain, becomes more and more uniform. From the highest 
parts of this single and compact mass, there spring long branch- 
like clouds, which, without detaching themselves from it, gra- 
dually overspread the sky. 

At the moment . wheue these branches begin to be formed, 
there are usually seen numerous scattered, hovering, small 
white clouds, very distinct and with very well defined edges, to 
which the celebrated physicist of Turin gives the name of 
ascitizi^ or additional, or subordinate, clouds. Their move- 
ments are sudden, uncertain, and irregular. They appear to 
be under the attracting influence of the great mass of cloud, 
and gradually, one after another, float towards it and join them- 
selves to it. These ‘^ascitizi” had already been remarked by 
Virgil, who compared them to tufts of wool. They are the 
white patches which are seen to interrupt here and there the 
uniform dark surface of a great storm cloud. 

When the great dark cloud has increased so as to pass the 
zenith^nd overspread the greater part of the sky, the observer 
sees beneath it many small ascitizi, without being able to dis- 
cern where they come from or how they have formed. These 
ascitizi appear torn or rent, or as it were ragged fragments of 
cloud. They throw out here and there long arms. Their 
march is rapid, irregular and uncertain, except that it is always 
horizontal. When in their opposite movements two of these 
clouds happen to approach each other, they appear to extend 
towards each other their irregular arms; after having almost 
touched, an evident repulsion takes the place of the previous 
apparent attraction, and the same arms which had been out- 
stretched to meet, now turn away from each other. 
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The above remarks are the substance of what has been said 
on the subject by an author (Beccaria), who lived in a country 
(the plain around Turin) almost entirely surrounded by high 
mountains. In order to judge how far they apply generally 
and how far only locally, we ought to be able to compare with 
them the description of the commencement, progress, and full 
development of a storm in a country without mountains. 

Ko one will doubt that there is something local in some of 
the circumstances attendant on the formation andT development 
of* storm clouds, in reading the following description, given by 
M. Antoine d’Abbadie, of thunder-clouds of frequent occurrence 
in Abyssinia. 

Storm-clouds in Ethiopia have,” he says, always a plain 
or uniform surface on their inner side, and a checkered surface 
on their outer|gide, and are, generally speaking, far from being 
very dense ; sometimes clouds in which strong manifestations 
of electricity take place are so thin that stars can be seen 
through them.” M. d’Abbadie renjp-rks further- that these 
clouds have a tendency to cluster round lofty peaks,, by which 
they appear to be attracted. 

Let us add to these different remarks that storm-clouds are 
often diverted from the direction in which the wind would carry 
them to follow the course of rivers. Mr. Sturgeon mentions 
having often observed this to take place at the junction of the 
Thames and Medway. 

In all that Beccaria has said of the gradual disappearance 
of the many and great undulations in storm-clouds as they rise 
from the horizon to the zenith, he spoke only of their under 
surface^ as alone visible from his observatory at Turin. I 
should be unable to speak of their upper surface, if 1 had not 
thought of consulting on the subject officers of the Etat 
Major, formerly pupils of tb^e Ecole Polytechnique, who hav- 
ing been recently engaged in covering the Pyrenees with their 
admirable net-work of triangulation, were likely to have had 
frequent opportunities of seeing thunderstorms beneath them.f 

* St. Lambert, in bis poem “ Les Saisons,” begins the description of a 
thunderstorm by two lines, in which, he speaks of clouds rising from two 
opposite points of the horizon : — 

“ On voit k rhorizon de deux points opposes 
Des nuages monter dans les airs embrases.** 

•Is he describing a local phenomenon ? 

t I have to address my especial thanks *to two officers of high . merit, 
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From them I learned, tliat evei! when a stratum of clouds 
appears perfectly smooth and uniform 6n its under surface, its 
upper surface consists wholly of high protuberances and deep 
cavities. 

Captdn Hossard pointed out to me one sign precursive of a 
thunderstorm which has not, I think, been mentioned by any 
previous meteorologist, lie had remarked that during great 
heats, there take place suddenly at several points of the lowest 
stratum of .clouds upward rushings, extending vertically like 
rockets, which may bring distant parts of the atmosphere into 
direct communication. 

Franklin went further than Beccaria in one respect : he con- 
sidered that a single large cloud cannot become a thundercloud ; 
that Avhen this appears to be the case, an observer placed in 
the horizontal prolongation of the large clou^ from whence 
lightning and thunder issue, would always see beneath it a series 
of very small clouds one above another ; the lower ones some- 
times approaching very near the earth. 

Thus, according to Franklin, two conditions are requisite for 
a cloud to produce thunder and lightning : it must itself be 
large, and there must be moreover small clouds interf>osed be- 
tween its under-surface and the earth. But is it quite certain 
that lightnings never dart from a single small cloud? I pro- 
pound the question simply as one of fact, not at all as a 
question of theoretical possibility. Well then, to the question 
of fact, most meteorologists have replied with the American 
philosopher, in the negative. I may cite, for instance, the great 

Captains Peytier and Hossard, from whom I have received notes equally 
remarkable for exactness of observation and for the knowledge in physical 
science implied in them. 

* Captain Peytier has noticed that in certain localities the thunderstorms 
.which burst on the mountains seem to^ve for their germ, if I may use the 
expression, fiagmeiits of clouds forraea over the low country, or detached 
from a wide-spread canopy of clouds which had previously overhung the 
sun'ounding plains. He remarks, that an observer placed on one of the 
peaks overlooking Roussillon or Gascony — on the Canigou or the Pic du 
Midi de Bigorre, 'for instance, — would see in the forenoon, some hours 
after sunrise, clouds form over the plains, often rising rapidly arid clustering 
sometimes round one and sometimes round another of the mountain sum- 
mits, where they usually give birth to a thunderstorm. On mornings 
when the pWn was already overspread, fragments of the pre-existing clouds 
would become detached heje and there, some earlier and others later, and 
when a cowsfiderable number of such fragments had gathered round one of 
the summita of the chain of mountains, the storm would burst. 



naiAe of Saussure* 1 find^on tlns subject the following passage 
in the narrative of bi#^i^lebrated Vcyag^^au Col du Geavt: — 

I have never seen thunderstorms t^e place in these moun- 
tains except by the meeting or conflict of two or more clouds. 
During our stay on the Col du G4ant, so long as we saw in the 
air or on the summit of Mont Blanc only a single cloud, how- 
ever dense or however dark it might appear, no thunder ever 
came from it ; but if two strata were formed one above another, 
or if clouds rising from the plains or the valleys approached the 
clouds which hang on the ^summits of the mountains, their 
meeting announced itself by violent gusts of wind, thunder 
and lightning, hail and rain.” ' 

There are physicists, — and among them Saussure assuredly 
occupies one of the foremost ranks, — whose observations are to 
be admitted almost without examination or discussion in regard 
to positive facts ; but in regard to negative facts such implicit 
faith would be a great fault. For we ought to comprehend 
the possibility that the rare and fortuitous circumstances, under 
which alone some particular phenomena can be developed, may 
never have presented themselves to an observer, however emi- 
nent. I have, therefore, without being discouraged by Saus- 
sure’s assertion, sought in old meteorological journals, which 
are certainly far from deserving the contempt with which it is 
too much the fashion to speak of them, whether small isolated 
clouds have never been observed to send forth thunder and 
lightning. The pains I have taken have not been fruitless. 

I read in a Memoir of the Academician Marcorelle of 
Toulouse, that on the 12th of September, 1747, the sky 
being perfectly serene and clear, with the exception of a sniall 
perfectly round cloud about a foot and a half in diameter, 
thunder^ was suddenly heard, and a woman of the name of 
Bordenave was killed by t^g^hunderbolt, by which she was 
burnt on the bosom without her clothes having been injured. 

I find in the Botanico-Meteorological Observations made at 
Dcnainvilliers, near Pithiviers, a note by M. Duhamd du 
Monceau, dated 30th of July, 1764, which is also conclusive, 
and which I will transcribe : — 

" At half-past five in the morning, in bright sunshine, there 
passed a small solitary cloudy There issued from this cloud a 
thunderbolt, which struck^ an elm-tree very near the Chateau 
de Denainvilliers; tore off a strip of bark from two to font 
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inches wide from a height of rather more than twenty feet 
above the ground to the toot of the tree ; and ploughed in the 
wood a furrow the size of a finger in breadth and depth, at the 
bottom of which there was a black, thread-like line , where the 
wood appeared cracked or split further Jn. At the same 
moment, a sulphurous smell, which created great alarm, was 
perecSved at a neighbouring farm-house.” 

Bergman saw himself the lightning dart to a church-stceple 
from a very small cloud, the sky being otherwise perfectly clear.” 

I hope small clouds may be definitively reinstated in their 
rights when I shall have added to the above a fourth obser- 
vation, which I owe to Captain Hossard. 

In 1834, that officer, in descending by the path which 
passes over the Col de la Faucille in the Jura, saw a small cap 
of cloud form round a neighbouring summit, called the Colom- 
bier de Gex, of w^hich the height above the sea is 1,600 metres, 
or 5,250 English feet. The cloud had scarcely existed a few 
seconds when a strong thunder-clap was heard from it. 

Although the above discussion is certainly not calculated to 
increase our faith in negative facts, yet I may add that, accord- 
ing to Beccaria, thunder and lightning never issue irom smoky 
clouds; that is to say, from those strata of clouds which are 
characterised by their apparent uniformity of composition and 
regularity of surface. 

We will here close this chapter. At a future, and, perhaps, 
not distant, day, there will doubtless be data on the subject of 
which it treats more definite, precise, and full than those at my 
disposal. It is a subject which is certainly well deserving of 
the attention of meteorologists, and will afford to those who 
will not hesitate to bestow assiduous observation on thinijs so 
variable, changing, and inconstant as the clouds, a valuable 
harvest of facts useful to science^?! ' 


CHAP. III. 

THUNDER AND LIGHTNING OP VOLCANIC CLOUDS. 

Lightning is sometimes elaborated and manifested in clouds 
whose nature is apparently quite different, from, that of our 
ordinary atmospheric clouds. 



The younger Pliny wrote to Tacitiis two wefi known letters 
on the subject of the*Eruption of Mount Vesuvius, which' in 
the year 79 of oiir era occasioned the death of his uncle, Pliny 
the Naturalist. In the second of these letters, the younger 
Pliny speaks of black and dreadful clouds (they were clouds of 
volcanic ashes), rent by. serpentine fires (this would be a just 
description of some flashes of lightning in ordinary storms); 
of clouds which opened and emitted long furrows of flahies 
resembling lightnings.” 

Many quotations to the same effect might be made from the 
writings of Padre della Torre. To take a single instance, in 
the description of the eruption of Vesuvius in 1182, we And 
that a very dense (densissimo) smoke lasted fr«fti the 12ih to 
the 22nd of August, and that lightnings (saette)', were often 
seen darting in the midst of the smoke.” 

Bracini, who was an eye-witness of the eruption of Vesuvius 
in 1631, said that the column of smoke which rose from the 
crater extended in the atmosphere to a distance of nearly 90 
geographical miles, and that frequent lightnings issued from this 
kind of cloud and killed several persons and several animals. 

During tlie eruption of Vesuvius in 1707, Giovanni Valetta 
wrote from Naples to Richard Waller, On the third and fourth 
days the 'crater of the volcano sent forth lightnings, similar to 
some kinds of sky lightning. They were tortuous, serpentine, 
and followed by thunder-claps. The frequency and intensity 
of the thunder and lightning caused it at first to be believed 
that heavy rain was at hand, but it was afterwards perceived 
that they originated in a dark cloud composed not of ordinary 
vapour but entirely of ashes.” 

^he peasants who dwelt at the foot of Vesuvius told Sir 
"Vraliam Hamilton, after the eruption of 1767, that they had 
been far more ^terrified by tj^e incessant flashes and frequent 
strokes of lightning, than by the burning lavas and other menacing 
phenomena which are the constant attendants of a volcanic 
eruption. 

During the terrible eruption of 1779, there ii^sued from the 
crater of Vesuvius, together with the fiery lava, frequent bursts 
of smoke, as black as can possibly be imagined,” which smoke 
Sir William Hamilton said seemed to be crossed by zigzag 
flashes of lightning at the very moment of its esijjtpe from the 
crater. 
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The eruption of Vesuvius in 1794, so well described by the 
same observer, afforded indications no less positive. On the 
l§th of June, nothing visibly ignited appeared above the 
crater ; black smoke and ashes were all that issued from it, and 
these formed over Vesuvius a gigantic cloud, from which darted 
those zig-zag lightnings so well known to meteorologists, and 
which the inhabitants of the neighbourhood of Vesuvius call 
ferillL 

The volcanic lightnings seen by Hamilton, in 1799, were not 
accompanied by any audible discharge or thunder. In 1794, on 
the contrary, they were always followed by discharges resembling 
the most violent thunder-claps ; the storm, formed solely by the 
influence of the volcano, was in all respects similar to ordinary 
thunderstorms. The accidents caused were the same, and in 
particular the examination of the hous6 of the Marchesc dc' 
Berio, at San-Jorio, struck by the volcanic lightning, showed 
the perfect similarity between the effects of volcanic and ordi- 
nary atmospheric thunderstorms. The volcanic cloud was in 
very great part composed of ashes as fine as Ilavannah snuff ; 
it was carried by the wind as far as the town of Tarentum 
(nearly 200 geographical miles from Vesuvius), where a flash 
from it struck and partially destroyed a house. 

I have hitherto spoken exclusively of the eruptions of a single 
volcano, and though I have little fear that any of my readers 
would be inclined to suppose that the clouds of smoke and aslics 
from Vesuvius have the exclusive privilege of forming lightning, 
yet I will proceed to cite other instances. 

My first quotation shall be from Seneca. In the Nat. Qusest. 
lib. ii. § 30. I . read that during a great eruption of Etna the 
rolling of thunder was heard, and lightnings were seen in ^c 
midst of the clouds of burning sand emitted from the volcano: 

My second quotation is from the Dcscrizionii delP Etna del 
Abate Francesco Ferrara. 

In the beginning of the year 1755 there rote from the crater 
of Etna an immense and very black column of smoke, which 
was frequently traversed by tortuous lightnings (tortuose 
^lenazioni). ' , 

When the short-lived small island called Sahrlna was up- 
heaved near St. l^ichael, one of the Azores, in 1811, Captain 
Tiilard obs^ed that the most dark and opaque portions of 
the exceedingly black columns of dust and ashes which rose 
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from the ocean, were furrowed by lightning of extraordinary 
intensity. 

Even the little volcano which appeared in July, 1831, between 
Sicily and Pantellaria, furnishes an instance to the point or 
which we are speaking. We learn from John Davj that on 
the 5th of August there rose from time to time, to a height of 
3000 to 4000 English feet, columns of perfectly black dust, 
from which flashes of lightning, followed by thunder, darted in 
different directions. 

It may be thought that I have given far too much importance 
to the thunder and lightning produced in volcanic clouds. . I 
know that it may be said that immense columns of steam or 
aqueous vapour often rise from the craters of volcanoes ; that it 
is this vapour which constitutes the principal part of the volcanic 
cloud, and that the ashes and black impalpable dust mixed there- 
with only have the effect of altering its whiteness, semi- 
transparency, &c. &c. 

My answer is a simple one. Supposing it to be true that 
the excessively black cloud which, first rising from the crater 
to a prodigious height, and then spreading out laterally in every 
direction from the ascending column, gives ^ to its^alling sub- 
stance of mingled vapour and dust or ashes the appearance of 
the drooping branches of a gigantic pine tree, so well described 
by the younger Pliny and by modern observers — supposing it, 
I say, to be true, that this cloud consists, in very great measure, 
of the vapour of water, — we should still have to inquire why 
this aqueous vapour or steam, when it rises from a crater in a 
nearly pure state never, or scarcely ever, if I am rightly' in- 
formed, gives birth to thunderstorms, and why when mixed 
with ashes or with, volcanic dust it always does so. Notliing, 
nforeover, has, I Ijelleve, determined the reality of the above 
supposition, taken in a general point of view. There is nothing 
to prove, for instance, that the thick black cloud which, in 
1794, extended from Vesuvius to Tarentum, did not consist on 
arriving at that to\Vn exclusively of impalpable dust. According 
to the account of Captain Tillard, black columns of smoke rose 
from the ocean near the Azores before the small island of Sa- 
brina had begun to appear above the surface, of the sea. In 
this case must not the steam formed at the subifaarine volcanic 
hearth have been in great measure condensfed during its ascent 
'through the sea as, in Wattes admirable machinl^ the steam^is 
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condensed by the contact of cold water ? I will not press these 
considerations farther at this moment, but I shall presently cite 
a fact which will give them great weight, since it will prove 
that volcanic dust, after separation from the volcanic cloud, and 
on reaching the ground in a state of extreme dryness, is some- 
times so strongly impregnated with the lightning-matter as to 
give rise to remarkable phenomena of phosphorescence. 


CHAP. IV. 

Height of storm-clouds. 

1 SHALL have occasion to explain in the sequel, that in striking 
certain kinds of rock, lightning produces local phenomena of 
fusion and vitrification well known to observers. These super- 
ficial vitrifications of small and well defined extent have been 
remarked by my illustrious friend M. de Humboldt on the cul- 
minating part of the principal summit of the mountain of Toluca 
(west of lilexico), at the height of 4,620 metres, or 15,158 
English feet, above the level of the sea ; by Saussure, on the 
summit of Mont Blanc, at 4,810 metres, or 15,780 English feet 
elevation * ; by Ramond, on Mont Perdu, 3,4 1 0 metres, or 1 1, 1 88 • 
English feet ; and on the Pic du Midi at 2,935 metres, or 9,630 
English feet. Would not these facts be thought by most per- 
sons to warrant the inference, that storm-clouds rise sometimes, 
at least in mountainous countries, to elevations exceeding — 

In Mexico - - 4,620 metres, or 15,158 Engl. ft. 

In Switzerland - 4,810 „ 15,780 „ 

In the Pyrenees - 3,410 „ 11,188 „ 

The inference would be true, as we shall see presently, but 
by no means strictly warranted by the premises : the supposed 
demonstration is inexact, for it implies, as an essential con- 

* To speak more accurately, I ought to say that the superficial vitrifications 
which are the certain marks of lightning were perceived, not on the sum- 
mit of Jijont Blanc itselfybut on that part of the mountain, but little inferior 
in height, which is called the Dome de Gout$. ^ The traces, on the summit 
of Mont Blaho which Saussure considered to be the indication of a recent 
thunder-stroke, consisted of fragments of rock lying in all directions on new, 
fallen snow several feet from their original place. 
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dition, the truth of the commoa opinidn, adopted without reflee- 
tion, that h’ghtning always darts dojrnwards from the clouds. 
I am about to cite a fact which prov^ the actual occurrence of 
an opposite motion. We shall s0f that different objects have 
been struck and injured by lighting from clouds much below 
them. 

We can therefore only look for the- most part for certain 
determinations of the’ greatest elevations attained by storm- 
clouds to the narratives of travellers among the summits of the 
principal chains of mountains of either continent, and I have 
accordingly drawn from this mine the following instances. 

Bouguer, in his work on the figure of the earth, speaks of a 
thunderstorm in which he and Xia Condamine were overtaken 
on the Pichincha, one’ of the summits of the Cordillera of Peru ; 
elevation, 4,868 metres, or 15,970 English feet. 

On the 6th of July, 1788, the day after their arrival on the 
Col du Geant, the two Saussures, father and son, were assailed 
there by a violent storm, during which the thunder and light- 
ning Avas almost incessant. The height of the storm-clouds 
above the mountains Avas neither determined nor recorded by 
estimation. All therefore that can be said in this respect is, 
that they Avere decidedly above the height of the rock on which 
the tents had been fixed: 3,471 metres, or 11,388 English feet 
above the level of the sea. 

One paragraph of the celebrated sMJCount given by these two 
great observers, in Avhich they speak of storms produced on the 
smnmit of Mont Blanc whenever there were formed there two 
distinct strata of clouds, might authorise our adding a thousand 
metres to the above amount, or to affirm that on the Alps 
Messrs, de Saussure saw and heard thunderstorms whose seat 
Avas 4,500 metres, or 14,760 English feet, in vertical elevation 
above the ocean level. 

Thanks to Captains Peytier and Hossard, we may include 
the Pyrenees in the present chapter. 

In August, 1826, at the trigonometrical station of the Pic de 
Troumouse (height, 3,086 metres, 10,125 English feet), thunder- 
storms were formed in a stratum of clouds, of which the surface 
nearest to the earth was about 3,000 metres, or 9,840 English 
feet, above the level of the sea. 

In the sume' month of the same year, at the Pic de Baletous, 
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It 

the lower surface of the storm-clouds was at 3200 metres, or 
10,500 English feet. 

In August, 1827, at the* station of the Tuc de Maupas (height 
3,110 metres, or 10,200 English feet), MM. Peytier and Hos- 
sard heard thunder-claps in clouds having their lower surface at 
3,300 metres, or about 10,830 English feet. 

It is thu^ assured that in the Andes, the Alps, and the 
Pyrenees, real and frequent thunderstorms take place at 
immense heights above the ocean. Are the thunderstorms 
which break over the plains ever equally high? This is a 
question of more than pure curiosity. If we suppose it 
answered in the affirmative, the density of the atmosphere 
would appear to be the sole determining condition. Take the 
contrary hypothesis, and there would be manifested an action of 
the earth, which, whatever might be the nature of the influence 
exercised, would be characterised by the remarkable fact, that 
the rising surface of a country raises the region of thunder- 
storms in correspondence with itself ; so that it would appear 
as if a high table-land or mountain communicated to adjacent 
atmospheric strata, of a certain density, properties which they 
would not possess if the earth did not thus rise towards them* 
These reflections will suffice to show that the aim I had pro- 
posed to myself is not yet reached ; before it can be attained I 
have still to seek the height of thunderstorms in level countries, 
or countries only a little raised above the surface of the sea ! 

When we are near a chain of mountains we may estinuite the 
height of clouds by referring them to the summits or other 
determinate points which they may be seen to touch or to 
cover, and of which the vertical elevations are known by baro- 
metric or trigonometric operations. In the plains we may 
have recourse to an equally satisfactory method founded on the 
comparison of the time of the apparition of the flash of lightning, 
and that at which the sound of the thunder reaches the place 
occupied by the observer. I will point out presently the prin- 
ciples of this method ; at present I am rather concerned with 
the results which it has afforded.' 

* If these results are not more numerous we must throw the blame on 
the unfortunate habit which most authors of Treatises on Physics have had 
of presenting all problems as already solved, all questions as completely 
exhausted. Definitive assertions, of which the tone indicates that nothing 
more remains to be said where doubt ought to accompany every word, are 
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I finjl in a c^6Gtion of Memoirs, by De Flsle, Member of 
the Academy of Sciences, four observf^tions made at Paris, on 
the 6th of June, 1712, at intervals of ^tpinutfs, which^ being 
properly calculated, give for the vertical %eight of the clouds in 
which the thunder and lightning are produced the enormous 
elevation of 8,080 metres or 26,510 English feet I De Flsle’s 
Memoir contains seventy-seven observational, bu4«^after the 
6th of June, 1712, none that can be calculated. By an incon- 
ceivable forgetfulness the angular height of the region in which 
the lightnings were seen is only given once. 

The same omission is remarked in the observations collected 
by the Abb6 Chappe, at Bitche, in Lorraine, in the course of 
the year 1757. Those made Jby the same observer at 
Tobolsk, in Siberia, in 1761, are more complete. I find from 
them the vertical height of the storm-clouds, — 

July 2nd - - 3,340 metres, or 10,960 Engl. ft. 

(the thermometer was at 21^C!entigrade or 69'^*8 Fahrenheit). 

July 13th - - 3,470 metres, or 11,385 Engl. ft. 

Two observations, made at Berlin, by the celebrated 
Lambert, on the 25th May and the 17th June, 1773, give for 
the height of the storm-clouds on those days: — 

First observation - 1,900 metres, or 6,234 Engl. ft. 

Second - - 1,600 „ 5,250 „ 

The above determinations are too few to allow us to venture 
to derive from them any general conclusions. It is however a 
remarkable circumstance, that the greatest elevation of a storm- 
cloud of which we can find an account is from a country of 
plains, and, if De I’lsle was not mistaken, almost double the 
greatest height observed in the Alps. Observations of this 

essentially injurious to the progress of science. To point out gaps which 
require to be filled up is even more useful than to record discoveries. It 
has been in trying to dispose of certain difficulties in the Newtonian theory 
of emission that .several exact physical philosophers have been led to give 
an entirely new face to the science of optics. It has been by not yielding 
to the authority of those who insisted that there was “ nothing more to be 
learnt respecting electricity and magnetism excepting thatVhich it belongs 
directly to calculation to discover,” that these two sciences have been 
enriched by an innumerable series of astonisyng phenomena of which not 
the slightest idea existed a few years ago. 

C 
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.fendtare however extremely easy, and the opportunities of 
' nixing them sijjBcieutiy frequent ; we may, therefore, con- 
fidently hope that, bdlng once duly called upon, astronomers 
and meteorologists will hasten to supply the desideratuni which 
I have thus pointed out 

Thus far I have been intent on noting the greatest elevations 
at which thunderstorms are formed. Unfortunately I find 
almost as great a paucity of documents if I seek to elucidate 
the question of ordinary elevations. 

I^e ITsle’s observations, as I have said in a previous page, 
never being accompanied by any appreciation of the angular 
altitude of the flashes of lightning, are incapable of yielding 
more than limitary values. I subjoin those of least amount: — 

Metres. E. feet. 

In May a thunderstorm at Paris had a vertical eleva- 
tion of less than - - . • 2,400 7,874 

In June another storm had a vertical elevation of less 

than ..... 1,000 8,281 

July 2nd, a third storm, vertical elevation less than 1,400 4,593 

July 21st, a fourth storm, vertical elevation less 
than ..... 1,400 4,593 

I do not sec that it is possible to deduce from De ITsle’s 
observations any limits lower than the above. 

Le Gentil, who staid some time in the Isle of France, at 
Pondichery, and at Manila, stated confidently, from his own 
observations, that at those three tropical stations the lower 
stratum of clouds, in which ordinary thunderstorms are formed, 
is scarcely ever more than 900 metres (2,953 English feet) 
above the low grounds. Exceptionally, however, on the 28th 
of October, 1769, a storm at Pondichery was at an elevation of 
more than 3,300 metres (10,827 Eng. feet). 


Observations at Tobolsk give : — 

A case in which the storm-cloud may have 

Metres 

E. feet. 

had a vertical elevation of only 

214 

702 

A case in which the height was 

Six cases corresponding to elevations be- 

292 

958 

tween - - n - 

400 & 600 

1,312 & 1,968 

Three cases of clouds between - 

Five cases corresponding to elevations 

600 & 800 

1,968 & 2,625 

greater than ... 

800 

2,625 


Mr. Haindiger, a learned Austrian physicist, has recently 
published accounts of two cases, from which.it follows that the 
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clouds in which lightning is produced are '%ometime^ W^h 
lower than would be supposed from re^qg Hetermihations 
given above. 

On the 26th of August, 1827, a thunderstorm burst dver the 
convent of Admont, in Austria, during vespers, and killed two 
young priests in the church choir. The cloud from which the 
lightning struck was only 8 metres thick, and its vertical height 
above the ground was not more than 28 metres, or 92 English 
feet. 

The convent is in the valley ; a chateau situated on the slope 
of the hill, 117 metres, or 384 English feet higher, was inhabited 
only by the care-taker and his wife. During the whole time 
that the storm lasted these two persons saw the cross on the 
belfry of the convent, which is 36 metres (118 English feet) 
high, rise above the upper surface of the bed of clouds, while 
the under surface touched one of the windows of the belfry, 
placed about 28 metres (92 English feet) above the ground. 

Besides the bed or stratum of cloud just mentioned, and 
which covered the whole valley, there was another higher 
stratum, of which the exact elevation, according to points of 
comparison to which it could be referred and to which it cor- 
responded, was about 732 metres (2/402 English feet). The in- 
terval between the two strata of cloud was therefore about 696 
metres (2,284 English feet) ; the discharges took place from the 
one to the other, and almost always appeared to be from the 
lower to the higher cloud. 

A remarkable thunderstorm occurred at Gratz, on the 15th 
of June, 1826. Within an hour, at the utmost, the lightning 
struck nine times, and five times set objects on fire. 

The town of Gratz is built, as is well known, on the side of 
the SclJossberg ; and the citadel stands on the top of the hill, 
which is 490 metres (1,608 feet) high. During the entire 
interval for which the storm lasted the citadel remained 
unobscured, and the sky above it always perfectly serene and 
blue, while the clock-tower of the Johanneun, 123 metres 
(404 English feet) below the citadel, was almost entirely im- 
mersed in cloud. By combining these various measurements, 
it was found that the vertical height of the upper surface of 
cloud was about 106 metres (348 English feet), and that of the 
lower surface about 70 metres (230 English feet) ; the thickness 
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of the stratum of cloud being therefore 36 metres (118 English 
feet). 

Being furnished with good chronometers and excellent means 
of determining angular altitudes, M. d^Abbadie did not fail to 
endeavour to determine the ordinary height of storm-clouds in 
Abyssinia, where his zeal for science had conducted him. The 
following were his principal determinations on this subject : — 

Height of Cloud above the Spot at which 
Mr. D’Abbadie waft observing. 

2,036 metres 6,680 Engl. ft. 

1,896 „ 6,220 „ 

1,087 ,, 3,566 ,, 

212 „ 696 „ 

I have not collected all these numbers from idle curiosity : 
in the sequel they will be seen to occupy a place in the dis- 
cussion of certain leading questions, much controverted among 
physicists, and will aid us in the inquiry whether lightnings 
always descend from the clouds to the earth, and whether, on 
the contrary, they do not sometimes remount from the earth to 
the clouds. 


Dates. 

15 February, 1844 
12 Feb. 1844 

26 Oct. 1843 

20 Oct. 1845 


CHAP. V. 

ON DIFFERENT KINDS OF LIGHTNING. 

The luminous phenomena of storms which we call lightnings 
are sufficiently dissimilar in form, and sufficiently varied in 
their properties, to induce me to divide them into several 
classes. 

§ 1. Zigzag Lightnings, or Lightnings of the First Class. 

The first class of lightnings comprises those which every one 
must be supposed to have seen, and which appear to consist of 
a vividly luminous line or furrow, very narrow, thin, and 
sharply defined. 

These lightnings sometimes vary in colour. Meteorologists 
assert that they have seen them crimson, violet, or bluish. 

♦ Those who might be inclined at first sight to regard these remarks as 
entering into great minutise, will, I hope, form a different opinion when we 
shall have shown that these various hues are connected with the atmospheric 
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Notwithstanding their incredible velocity their course is not 
a direct one ; most often, on the contrary, the lines described 
by them in space form sharply marked zigzags.' 

I have read somewhere, but cannot at this moment find the 
passage, that after several zigzags \he flashes of lightning having 
as it were doubled back upon themselves, returned towards the 
region from which they had originally darted, f This, which is 
only a very rare exception in the case of ordinary storms, is, on 
the contrary, a very frequent occurrence in volcanic clouds. 
I quote the words of Sorrcntino on the eruption of Vesuvius 
in 1707. 

The inhabitants in the midst of the otherwise most pro- 
found obscurity, saw flashes of lightning (saette) darting on 
every side. The flashes which issued from the fiery mountain 
did not extend beyond Cape Pausilippo, where the cloud of 
ashes also ceased. From thence they turned back by the same 
path which they had first traversed, darting again towards and 
striking the furnace from whence they had issued.” 

Sir William Hamilton speaks on the same point with no less 
distinctness: — These volcanic lightnings (those of the erup- 
tion of Vesuvius in 1799) very rarely quitted the black cloud 
of ashes, which was advancing towards the town of Naples, and 
appearing to threaten its entire destruction : they returned to- 
wards the crater of the volcano and regained the ascending 
fiery column from which they had been seen originally to issue. 


region in which the lightnings arc produced, and when it shall be made 
evident that a simple appreciation of colour may in some cases be equiva- 
lent to several kinds of meteorological determinations made in the region of 
clouds. 

* Howard had seen lightnings which after having completed their down- 
ward course returned, and in this retrograde, upward movement, retra- 
versed a third, or even a half, of the interval between the clouds and the 
ground, and then again darted downwards and struck. I have not inserted 
the quotation in the text, because the learned English meteorologist speaks 
of the slowness with which these different movements are performed, and 
extreme rapidity is the characteristic feature of the lightnings of the first 
class. 

f Might it not be affirmed that the ancients must also have remarked 
theie strange retrograde movements P We find in the Natural History of 
Pliny this passage (speaking of omens): — “Nothing is more important 
than to observe from what region the lightnings proceed, and towards what 
region they return. Their return to the eastern quarter is a happy augury. 
When they both come from the east, the prime quarter of the heavens, and 
return thither^ it is the presage of a sovereign felicity.** 



92 METEOROLOGICAL ESSAYS. 

Oace or twice only these lightnings (or ferilliy as the Neapoli- 
tans call them) fell on the Somma, and set fire to dry grass 
and bushes.” 

The singular retrograde movement of lightnings of the first 
class is shown with remarkable clearness in the following fact. 
M. TAbbadic reports that he had seen, in Ethiopia, lightnings 
of the first class dart from an upper horizontal cloud to a second 
less elevated and similar to the first, and return again upwards, 
having described a track resembling a V. 

It is not a rare circumstance for the lightnings of which we 
are now speaking to dart from one group of clouds to another ; 
their more ordinary course, however, is from the clouds to the 
earth. 

In the latter case persons have thought that they saw the 
lower extremity of the flash assume the particular form of the 
head of a dart. A far less doubtful point is, tliat these light- 
nings occasionally fork, sometimes into two, and sometimes 
even into three branches; thus a single luminous line shoots 
from the cloud, and after a certain length of course there are 
two or three perfectly distinct lines. The angular divergence 
of these is considerable ; they strike points on the ground at 
some distance apart. 

The Ahh6 Kichard (author of the ^‘Histoire Naturelle de 
TAir et des Meteores ”) supplies me with a strong case in point. 
He himself saw a luminous furrow leave the cloud singly, 
divide into two at some distance from the ground, and tliese 
two halves diverge, and separately strike two different objects. 

When we have occasion to pronounce on the forms of pheno- 
mena of fortuitous occurrence, and of such transient duration 
as lightnings of the first class or kind, it is fortunate to be able 
to quote observers of so much merit as Nicholson. I hasten, 
therefore, to draw from a note by this celebrated physicist, 
found in the corner of a journal, and without any author’s 
name, a few precious words, which 1 hailed with the more 
pleasure as the title of the note did not prepare me to expect 
them. 

On the 19th of June, 1781, a violent thunderstorm passed 
over the west end of London. I was at Battersea, and I re- 
marked that the lightnings (which were attended by very well 
marked and distinct explosions) were in many cases forked at 
their lower, but never at their upper, extremities.” 
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As cases of bifurcation are not common, we may naturally 
imagine how much more rare the separation bf one flash of 
lightning into three distinct branches is likely to be. I thought, 
however, that I might affirm that this trisection did sometimes 
actually occur, from what I had found stated in the account of 
a thunderstorm published by William Borlase. The passage 
on which I thus depended is perhaps wanting in precision ; but 
on the other hand it has the advantage of coming from an 
observer who had no system to support, and who even appears 
not to appreciate the importance of his own remark. I was, 
however, desirous to find a second example of the division of a 
flash of lightning into three, not admitting of any possible ob- 
jection being made to it. Is it not well worthy of remark, that 
I have been obliged to have recourse, for this purpose, to vol- 
canic clouds? I learn from the work of the Abbe Ferrara 
that on the 18th of June, 1763, there were formed on the 
southern slope of Etna, and at some distance from the summit, 
openings from whence issued vast globular volumes of a black 
smoke, mingled with ashes and burning dust. Well, these 
clouds were incessantly traversed by forked lightnings having 
three points da tricuspidali balenazioni”). 

One of my friends, who I had asked to oblige me by search- 
ing in Kaemtz’s German Meteorology for some quotation which 
might be usefully added to the two preceding, tells me that 
he fin^ that that excellent obseryer once, but only once in his 
life, saw a flash of lightning divide into three. 

Since this notice was first printed in 1837, I have received 
from M. Jean do Charpentier, the following account, which 
also relates to a flash of lightning of the first class, which, 
before reaching the ground, divided into three. 

This triple or triciispidate flash was observed at Freiberg on 
the 25th of June, 1794, The middle point struck a house 
situated on the open space near the cathedral ; the branch on 
the south side set fire to a house in the suburb near a mill 
called the Stockmuhle ; and the third, or northern branch, passed 
above the town in a north-west direction and set fire to a 
cottage near the village of Klein Watersdorff*. The house 
which was burnt near the Stockmuhle was 1,195 metres, or 
3,921 English feet to the south of the house which was struck 
near the cathedral ; and from the latter to the cottage which 
was burnt, the distance was 2,600 metres, or 8,531 English feet. 
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In the letter which he did me the honour to write to me, M. 
de Charpentier cites the case of five trees standing some dis- 
tance apart being struck by lightning while only a single clap of 
thunder was heard. From a combination of all the circum- 
stances, he argues, with a good deal of probability, that to 
explain the fact we must admit the action of a five-branched 
flash of lightning. As, however, it is not impossible to account 
for the various effects in a different manner, I think it right to 
insist only on the preceding case, in which the learned natu- 
ralist and his father actually saw one flash of lightning branch 
into three. 

I have omitted all the passages in which the ancient poets 
speak of triple pointed lightnings, and have only cited cases of 
bisections and trisections of single flashes on the authority of 
physicists who have been eye-xaitnesses of their actual occur- 
rence. I could easily have gone much further and have found 
cases of branching into four, five, ten, &c. &c., if I sought for 
the indications of such cases in the effects produced by light- 
nings on reaching the ground. I should in such case cite for 
instance the careful investigation by Mr. Griffith, of the cir- 
cumstances of the thunderstorm which on the 3rd of June, 
1765, did much damage at Pembroke College, Oxford, whence 
it would seem to result that the lightning had entered the 
College at the same instant at four different points at consi- 
derable distances apart ; and I should particularly iiftist on 
the circumstances of a thunderstorm which in April, 1718, 
ravaged the neighbourhood of Landerneau, and of St. Pol- 
dc-Leon, when twenty four churches were struck by lightning, 
although only three distinct thunder-claps were heard. But as 
I have said, I prefer at present to set aside all considerations 
more or less, conjectural, and more or less liable to difficulties 
or objections; and to keep exclusively to phenomena which 
have manifested themselves by an evident and visible separation 
of a single line of light into two or more distinct lines. 

The lightnings of our class are characterised in Italy by 
a particular designation, saette.^’* According to an opinion 
which prevails very extensively amongst ourselves, both with 
men of science and with the public generally, this kind of 
lightning (the saette of the Italians), i. e. narrow and zigzag 
lightning, is that which principally, if not exclusively, causes 
destruction or conflagration ; in a word, these lightnings are 
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exclusively entitled to the appellation of foudre/’ or thun- 
derbolts.” * 

After the cases of bifurcation which I have cited, I ought to 
mention that M. Gamot (a former pupil of the JKcole Poly- 
technique) has written to me an account of having himself seen, 
in October, 1838, lightnings proceeding from two very different 
points of a storm-cloud, unite, and descend to the earth united 
in one.^ He thought he could feel confident that it was not an 
ascending flash bifurcating before reaching the cloud. 

§ 2. Lightnings of the Second Class. 

We come now to lightnings of the second class (Sheet 
Lightning). The light of these, instead of being narrowed to 
bright sinuous lines or traces, almost without apparent breadth, 
spreads on the contrary over immense surfaces. It is neither 
so white nor so vivid as that of the fulminating lightning. It 
has (not unfrequcntly) an intense red tinge, and sometimes blue 
or violet predominate. When a sheet of lightning of this class 
is furrowed by a zig-zag lightning of the first class, the differ- 
ence of colour becomes evident to the most unpractised eye. 

The lightnings of the second class sontfetimes seem merely to 
illuminate the margins of the cloud from which they emanate; 
sometimes their bright light embraces or pervades the whole 
surface of those clouds, and indeed seems to issue from their 
interior: the clouds seem to onen and disclose their bright 
interior ; these are popular mooes of expression, and I should 
seek in vain for any which should better depict the pheno- 
menon. 

Descriptions cto be but very imperfectly successful in cha- 
racterising meteorological phenomena; but in regard to the 
lightnings of wlilch we now speak, readers whe^may find the 
above account insufficient, may be aided by being told that 
they are by far the most common of all. Many persons have 
never seen, or at least have never remarked, any others. , Dur- 
ing an ordinary thunderstorm, there may be as many thousands 
of them as there are single flashes of the narrow sinuous light- 
ning of the first class. 

Seneca cut short the distinction his cotemporaries made between light- 
nings and thunderbolts; saying, lightnings are thunderbolts which do 
not reach the ground, and thunderbolts are lightnings which do reach it. 
rQuaest. Nat. liv. ii. § 21.) 
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§ 3. Lightningt of the Third Class, 

If it is admitted that the name of lightning is to be given to 
every atmospheric light whose apparition coincides with the 
effects of thunderbolts, we are inevitably led to range some of 
these phenomena in a third class, exceedingly distinct from the 
two classes with which we have been hitherto occupied. 

The lightnings of the third class differ from those of the two 
former by their time of duration, their degree of rapidity, and 
their forms. Every one has remarked that the sharply defined 
linear zig-zag lightning, and the broader superficial lightning 
with only vaguely defined contours, last but an instant Ob- 
servations, which we shall presently analyse, will show us how 
short is this instant: the resulting fractions of a second will 
appear astonishingly small. The lightnings of the third class, 
on the contrary, are visible for one, two, or even ten or more 
seconds of time. They move from the clouds to the earth with 
sufficient slowness for the eye to watch their march and esti- 
mate its rate. The spaces they occupy are well defined and 
distinctly bounded ; their form must be nearly s^jberical, for 
seen from a distance the appearance is that of circular disks of 
light. 

The spherical form which I here attribute to certain light- 
nings, or if the reader prefers, to certain luminous masses, 
which during thunderstorms mjp sometimes seen to traverse in 
different directions, and with different velocities, the space 
between the clouds and the earth, is so rare, that I deem cita- 
tions in full from the accounts given by eye-witnesses indispen- 
sable. 1 have the less scruple in introducing the different 
examples which I have collected, because these fire-balls are at 
present a stwnbling-block to estimable theoretical meteoro- 
logists, and because I think they may afford an explanation of 
those cases, of indeed very rare occurrence, in which good 
lightning conductors have proved inefficacious. 

Before proceeding further I wish to meet an objection which 
would not fail to be urged by those persons (and they are many), 
who make their admission of a fact subordinate to the possi- 
bility of including it in known theories. This objection is the 
following: 

Have these globes of fire or fireballs tvhich you Enumerate 
really existed? Was not the spherical form attributed to them 
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an optioal illiudon? Would not a of lightning of the 
first class, supposing it to be cylindrical, in case of its cfirection 
being exactly towards an obserrer, appear to him to be oirotilar 
or globular ? 

, This objection would have weight if the spheroidal form had 
only been seen by those who being exQctly in the path of the 
lightning would pro^bly have been struck by itC JBut an 
observer placed out of the lightning’s path, viewiog it trans- 
versely, and seeing it strike a house or other object near or at 
a distance, cannot be led to attribute to it the form of a globe, 
unless it be really globular. The circumstances here supposed 
were almost always those of the subjoined examples, and the 
objection need not therefore engage our attention further. 


CHAP. VI. 

FORMER EXAMPLES OF LIGHTNINGS OP THE THIRD CLASS OR GLOBES 

OP FIRE. 


§ 1 - 

M. Deslandes collected with great care for transmission to the 
Academy all that had been observed in Brittany during* the 
celebrated thunderstorm of the liight 14th — 15th April, 1718. 
At Couesnon, near Brest, among the ruins of the church which 
had been entirely destroyed, different witnesses agreed in attri- 
buting the catastrophe to three fiery globes, each three or four 
feet in diameter, which united, and then proceeded with a very 
rapid course in the direction of the church.” 

§ 2 . 

In March, 1720, near Horn, during a most violent thunder- 
storm, a fireball was seen to fall, and after touching the earth, 
rehoi^ndi strike the dome of the tower, and set it on fire. 

§ 3. 

On the 3rd of July, 1725, near Aynho, in Northamptonshire, 
a shepherd and five sheep were struck by lightning and killed. 
During the greatest violence of the storm, the Rev. Joseph 
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Wasse saw a fireball almost as lai^e as the moon, and heard the 
hissing sound of its passage through the air above his garden. 
During the same storm, a tradesman of the town saw a Jireball 
as large as a man’s head burst into four pieces near the church. 

§4. 

A thunder-stroke did much damage to a house at Dorking, in 
Surrey, on the 16th of June, 1750. All those who witnessed 
the event declared that they had seen in the air iar^e balls of 
fire round the house which was struck. These balls on reaching 
the ground, or the roofs of houses, split into a prodigious num- 
ber of pieces, which were scattered in all directions. 

§5. 

In the account given by Mr. Borlase of a thunderstorm in 
1752, which did much damage near Ludgvaii, in Cornwall, he 
says that perfectly distinct halls of fire were repeatedly seen 
falling from the clouds towards the earth. 

§ 6 . 

In January, 1770, a thunderbolt fell on the tower of Schem- 
nitz, jn Hungary. Its form was that of a globe, and its size 
as large as a cask.” 

§7. 

In the Isle of France, in 1770, the clouds were seen one 
evening to descend as low as 400 metres, or 1,312 English feet, 
as could be judged by the mountains near the port. Very 
heavy rain fell. There was much lightning, but,” said the 
Academician Le Gentil, instead of being of the ordinary form, 
it consisted entirely of very large globes of fire, which appeared 
suddenly, and disappeared in the same manner, without any 
explosion.” 


§ 8 . 

On the 20th of June, 1772, while a thunderstorm rolled 
over the parish of Steeple Ashton, in Wiltshire, a globe of fire 
was seen to hover in the air above the village for a considerable 
time, and afterwards to fall perpendicularly on the houses, 
where it did much damage. 
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§ 9. 

It would be diflScult to have any better evidence than that of 
Mr. Nicholson for a phenomenon observed on the 1st of March, 
1774, near Wakefield, which appears to me to belong to the 
class of those with which we are now occupied. After a violent 
thunderstorm, and when there only renmined in the sky two 
clouds which were but little above the horizon, Mr. Nicholson 
saw meteors^ similar to those called shooting stars, descend every 
moment from the upper to the lower cloud. 

§ 10 . 

In September, 1780, previous to the thunderbolt by which 
he was thrown to the ground, and two of his servants were 
killed, Mr. James Adair, of East Bourn, in Sussex, saw several 
balls of fire fall from a large black cloud into the sea. 

§ 11 . 

The thunderbolt which on the 18th of August, 1792, fell on 
the house of M. Haller, at Villars-la*Garenne, had traversed the 
village under the form of a globe of fire. 

§ 12 . 

On the 14th of February, 1809, the ship-of-the-line ^^Warren 
Hastings,” which had only been launched a few days before at 
Portsmouth, was struck three times in a very short space of 
time. On each occasion the lightning approached the masts 
under the form of a ball of fire. 

§ 13. 

I read in Howard’s Climate of London,” that at Chelten- 
ham, in April, 1814, a ball of fire darted from storm-clouds to 
a haystack, which it pierced through and through. 

§ 14. 

Luminous globes or balls are still more frequent in volcanic 
than in ordinary storms. During the eruptions of Vesuvius of 
1779 and 1794, Hamilton and other observers repeatedly saw 
such globes, of very considerable magnitude, issue from the 
thick cloud of ashes, and burst in the air like the shells which 
in fireworks are filled with what are called serpents.” The 
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flames which darted in every direction from these globes at the 
moment of their explosion always took a zigzag course. 

§ 15. 

After these notices of globular luminous masses with per- 
fectly defined circumferences, I proceed to cite cases of others, 
which leaving fiery particles along their track, bear some re- 
semblance to the rockets of our fireworks. 

Thus Schiibler, whose name is so well known to meteoro- 
logists, mentions lightnings observed by himself, which pre- 
sented the appearance of a current of fire of the size of a man’s 
arm, terminated by a hall^ larger and more brilliant, 

I am assured that Kaemtz has repeatedly seen the same 
phenomenon. 

§ 16. 

The above quotations all relate to phenomena observed in 
the open air. They might have been made much more nume- 
rous if I had followed the thunderbolts into the interior of 
buildings, where they oftenest assume a globular form. I will 
only cite a few such facts, of, as it appears to me, undoubted 
authenticity. ^ 

A short time after Philip V. had made his entry into 
Madrid, the palace was struck by lightning. The persons 
assembled at the moment in the royal chapel saw two hdlls^ of 
fire enter it. One of these balls divided into several smaller 
ones, which before disappearing, bounded repeatedly like an 
elastic ball. 

On the 7 th of October, 1711, during a thunderstorm, a large 
globe of fire fell in the midst of some of the inhabitants of 
Samford Courtney, in Devonshire, who were standing in the 
church porch. At the same instant four similar globes, but 
only the size of a man’s fist, exploded withinside the church, 
and filled it with flame and sulphurous smoke. One of the 
pinnacles of the lower was grazed by the stroke. 

§ 17. 

The same day, in 1772, on which as mentioned in § 8, a 

♦ Professor Muncke has reported that a vertically descending lightning, 
which appeared to be sixty or seventy yards long, was transfprmed under his 
eyes into a great number of small balls. 
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globe of fire was seen to hover over Steeple Aston^ the reverend 
Messrs. Wainhouse and Pitcairn, who were in a room in the 
parsonage, suddenly saw appear, at the height of their faces, 
and at about a foot from them, a globe of fire of the size of a 
fist. It was surrounded by black smoke. In exploding it 
made a noise which might be compared to the discharge of 
several pieces of ordnance at once. Iminediately afterwards a 
strongly sulphurous vapour spread throughout the house. Mr. 
Pitcairn was dangerously wounded; his body, clothes^ shoes, and 
watch presented all the same appearances as those attendant on 
a stroke of lightning of the more usual kind. Different 
coloured lights filled the apartment, and were violently agitated 
to and fro. 

(It should be said, although the circumstance is but little con- 
nected with the object of the present chapter, that Mr. Pitcairn 
thought he had seen the globe of fire in the room one or two 
seconds after feeling himself struck.) 

§ 18. 

The engraver Solokoff declared that the lightning which 
killed the physicist Richmann, in 1752, had a globular form. 

§ 19. 

In 1809, lightning entered the house of Mr. David Sutton, 
at Newcastle-on-Tyne, through the chimney. After the explo- 
sion, several persons saw on the floor, at the door of the draw- 
ing-room in which they were assembled, a globe of fire which 
remained stationary ; it afterwards advanced into the midst of 
the room and broke into several fragments, which exploded in 
their turn, like the stars of a rocket. 

§ 20 . 

In seeking in the sequel for the explanation of the spheroidal 
form which the matter of lightning affects under particular cir- 
cumstances, we shall probably have to inquire whether this 
form is ever presented at sea. I reply beforehand to such a 
question, that on the 13th of July, 1798, the East India Com- 
pany’s ship, the Good Hope, being in 35® 40' S. latitude and 
44® 20' E. longitude from Greenwich, was struck by light- 
ning of globular form, which produced a most violent detona- 
tio;i, killed a sailor instantaneously, and seriously wounded 
another. 
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CHAP. VIL 

GLOBULAR LIGHTNINGS. 

When in preparing a notice on lightning for the Annuaire of 
the Bureau des Longitudes, in 1837, I was led to notice, as a 
distinct class, lightnings or thunderbolts of a globular form, 
remarkable, besides their peculiar form, for the slowness of their 
movements, I could only cite in support of the distinction thus 
drawn, a very small number of well-authenticated facts, the 
greater part of which are given in the preceding chapter. Since 
attention has thus been called to this remarkable form of the 
meteor, so great a change has taken place, that I am now only 
embarrassed by the difficulty of selection among the numerous 
circumstantial accounts which I have received. 

I will first, however, notice three facts which were cited in 
1837, and which on reflection have appeared to me to belong to 
the class of phenomena which it is the design of the present 
chapter to consider. 


- § 1 - 

In a letter to Vallisnieri, dated 10th of September, 1713, 
Maffei gives an account of which the substance is, that having a 
short time before stopped at the Castle Fosdinovo, in the terri- 
tory of Massa-Carara, to take refuge from a thunderstorm 
accompanied by a deluge of rain, he was received by the lady 
of the castle in a room or hall on the ground floor ; and that 
while there, he and the Marquis of Malaspina saw suddenly 
appear, at the surface of the pavement^ a bright flame or fire 
(fuoco), partly white, partly blue, — that it appeared greatly 
agitated, but without any progressive movement, and that it 
vanished as it had appeared, that is to say, quite suddenly, but 
after having acquired considerable size. 

As it vanished, Maffei felt a peculiar kind of tickling sen- 
sation running down from the back of his shoulder ; pieces of 
plaster detached from the vaulted ceiling of the hall fell on his 
head ; and, lastly, he heard a crashing sound, different, however, 
from the usual rolling of thunder. 

Must we not class the luminous meteor and explosion which 
thus took place at Fosdinovo with the phenomena of thunder 
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and lightning ? The same writer, MafFei, relates in a letter to 
Apostolo Zeno, that the thunder-stroke which on the 26th of 
July, 1731, struck the principal tower of Casaleone, and tore 
off the shield on which the arms of the town were carved, as 
well as several parts of the stone mouldings, and of which the 
noise was like that of a cannonade, &c. &c., had been preceded 
by the apparition of a great fire (gran fuoco)^ at a very small 
distance above the ground in the open space oi; place near the 
tower. This fact had not been witnessed by any known man 
of science, but rested on the evidence of the persons who lived 
on the Place;” Maffei is therefore careful to mention that 
the Abb6 Girolamo Lioni da Ceneda had stated that he had 
himself seen, near Venice, a very vivid flame appear two cubits 
above the ground and disappear, and that a dreadful noise was 
heard immediately afterwards. 

I pass to an observation by the author of the Histoire 
de I’Air et des Met^ores,” which is fully as circumstantial as 
that of Maffei : — 

" On the 2nd of July, 1750, being at three in the afternoon,” 
says the Abb6 Richard, in the church of St. Michel at Dijon 
during a thunderstorm, I suddenly saw between the two first 
pillars of the great nave a flame of rather intense redness 
appear suspended in the air about three feet above the pave- 
ment of the church. This flame then rose to a height of from 
twelve to sixteen feet, at the same time increasing in size ; it 
then continued to ascend, but in a diagonal direction, moving 
at the same time to a horizontal distance of several fathoms, 
until at about the height of the organ-loft it dilated and disap- 
peared, with a noise as if a cannon had been discharged in the 
interior of the church.” (t viii. p. 291.) 

§ 2 . 

M. Cusarens writes to me that during a violent thunder- 
storm in the month of September, 1823, he saw a globular 
thunderbolt strike a tree and produce all the ordinary pheno- 
mena of lightning, not omitting the odour which usually accom- 
panies its explosions. 


§3. 

Mr. Steinmein communicates to me in a letter the following 

D 
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account of an observation of a globular thunderbolt in 1826 at 
Altona. He writes : — 

It was, I think, in 1826 that a thunderbolt burst on the 
house of one of my friends and colleagues at Altona, where I 
was then practising medicine ; the house is situated about 100 
or 130 feet above the Elbe. My friend, Dr. Van der Smissen, 
was walking in his drawing-room, when he at the same instant 
heard a thunderclap and saw an ignited mass of about the shape 
and size of a hen’s egg appear near the wall and run along a 
plank of the floor, which was covered with a coat of varnish, as 
is usual in our town. The ball ran towards the door about as 
quickly as a mouse would have run the same distance ; then, 
with an explosion, it leapt to the banisters of the stairs descend- 
ing to the ground-floor, and there disappeared as it had come, 
without causing any damage or leaving any traces. 

§4. 

I received tlie following description of globular lightning 
from M. Hapouele, a well-informed proprietor of the Departe- 
ment de la Moselle : — 

About 2 o’clock on a summer-day in 1837 (I cannot 
remember the precise date) I was standing in front of my 
stables, under the shelter of the projecting roof* Opposite to 
me, at some little distance, was the open door of a dwelling- 
house, and between it and the place where I was standing there 
was a large space covered with farm-yard manure. Suddenly I 
heard a violent clap of thunder, and saw a ball of fire of the size 
of a large orange descend a little obliquely, about forty feet 
from me, towards the middle of the heap of manure, which it 
seemed about to enter, but on arriving within three or four 
feet of the heap its downward course was exchanged for a hori- 
zontal one parallel to the ground, and directed towards the door 
which my wife had that instant shut. When arrived within 
forty or fifty feet of the house the electric ball resumed the 
oblique movement with which it had descended, and rcasccnded 
slanting upwards towards the clouds, and passing within half a 
yard of the edge of the roof, to a height of fifty or sixty yards, 
when I lost sight of it. 

§5. 

. Mr. Butti, marine painter to the Empress of Austria, ad- 
dressed to me from Trieste the following communication: — 
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In the year 1841, and if my memory does not deceive me 
in the month of J une, I was staying at Milan at the Hotel del 
Agnello, in a room on the second floor looking over the Corsia 
dci Servi. It was near six in the afternoon, rain was falling in 
torrents, and the flashes of lightning lighted up the darkest 
recesses of the room better than gas does with us. The peals 
of thunder were exceedingly loud. The windows of most of 
the houses were closed and the street was deserted, for, as I 
have said, the raiii fell so heavily that the road was changed 
into the bed of a torrent. I was sitting quietly smoking iny 
cigar and looking at a distance through the open window at the 
rain, wliich being from time to time lighted up by a sunbeam 
formed threads of gold, when I heard in the street the sound of 
running feet, and several voices of men and boys calling out 
Guarda! Guarda! (Look ! Look 1) After half an hour’s cessation 
of human voices or sounds, my attention was roused by this 
noise ; I ran to the window, and turning my head to the right, 
from whence it proceeded, the first thing which met my view 
was a globe of fire at the level of my window moving in the 
middle of the street, not horizontally, but sensibly slanting 
upwards. Eight or ten persons, still calling out Guarda I 
Guarda ! with their eyes fixed on the meteor, kept up with it 
by following at the pace which soldiers call accelerated. The 
ball of fire passed quietly in front of my window, so that I was 
obliged to turn my head to the left to look after it. The next 
moment, fearing that I should lose sight of it behind some housCfe 
which were not in the same line with the one in which I was, 

I hastened down stairs and into the street, which I reached in 
time still to see the meteor, and to join with the rest of the 
curious spectators who were following it. It moved still with 
the same slowness, but in its oblique upward inarch had 
already risen considerably, and in three minutes more it struck 
the cross of the steeple of the church Dei Servi and disap- 
peared. Its disappearance was accompanied by a sound like 
that of the discharge of a 36-pounder gun, heard at a distance 
of thirteen or fourteen miles with a favourable wind. I can 
only give an idea of the dimensions and colour of this fiery ball 
by comparing it to the moon as one sees it rise over the Alps 
in clear winter nights, as I remember having sometimes seen it 
at Inspriick in the Tyrol, of a reddish yellow, with some parts 
more red than the rest. The difference was, that I could not 
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see the precise outline of the meteor as one does that of the 
moon ; it seemed enveloped in an atmosphere of light of which 
one could not define the limits.” 

§ 6 . 

M, Babinet communicated to the Academy of Sciences on 
the 5th of July, 1S52, the following Note: — 

The object of the present notice is to bring before the 
Academy a case of globular lightning which the Academy had 
charged me a few years ago (June, 1843 ,) with the care of in- 
vestigating and authenticating, and in which the ball of light- 
ning had struck a house (Rue St. Jacques in the neighbour- 
hood of the Val de Grace) as it withdrew. The following is a 
brief summary of the account given by the workman into 
whose room the globular thunderbolt descended and then re- 
mounted. 

After a rather loud thunderclap, but not immediately after 
it, the workman, a tailor by trade, being seated by his table 
finishing his meal, suddenly saw the chimney-board fall down 
as if overset by a slight gust of wind, and a globe of fire the 
size of a child’s head come out quietly from the chimney and 
move slowly about the room at a small height above the tiles of 
the floor. The tailor said it looked like a good sized kitten 
rolled up in a ball, and moving without showing its paws. It 
was bright and shining rather than hot and burning ; the man 
said he felt no sensation of heat. The globe came near his feet, 
like a young cat that wants to play and rub itself against its 
master’s legs ; but by moving his feet aside, and making various 
precautionary manoeuvres, — all done by his own account very 
gently, — he avoided the contact. It appears to have played for 
several seconds about the feet of the workman, who remained 
seated^ his body bent over it, and examining it attentively. 
After having tried some excursions in different directions, but 
without leaving the middle of the room, it rose verjically to the 
height of the man’s head ; to avoid its touching his face he 
raised his body and threw himself back in his chair, still keep- 
ing the meteor in view. When it had risen three or four feet 
above the tiled floor the globe became a little elongated, and 
rising obliquely directed itself towards a hole pierced in the 
chimney three and a half feet above the mantleshelf. 

The hole had been made to allow a stove-pipe, which the 
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Workmen used in winter, to pass Arough; bat, according to^ 
his own expression, the thunder could not see the hole, for it 
was covered, by paper which had been pasted over it.” The 
globe of fire, hovfever, went straight to the aperture, unpasted 
the paper without hurting it, and made its way into the chim- 
ney ; then, said the witness, when it had just had time at the 
pace it was going, that is to say, pretty slowly, to get to the 
top of the chimney (at least 20 metres, or 66 feet from the 
ground of the courtyard), it made a dreadful explosion, which 
destroyed the upper part of the chimney and threw the frag- 
ments into the yard on the roofs of smaller buildings, which 
they broke .through: happily no one was hurt. The tailor’s 
lodging was on the third story, which was not half way from 
the bottom to the top of the house ; the lower stories were not 
visited at all by the thunderbolt. The movements of the lumi- 
nous globe were always slow and not by jerks. Though bright 
it was not dazzling, and no sensible heat came from it. It does 
not appear to have had a tendency to follow conducting bodies, 
or to have been impelled by currents of air.” 

§7. 

Madame Espert wrote to me in July, 1852, the following 
letter: — The remarks on the effects of globular thunderbolts, 
written by M. Meunier in a recent number of ^ La Presse,’ 
induce me to transmit to you the account of a meteorological 
phenomenon of this kind which I have witnessed. I live in the 
cite Odiot, No. ]., on the second floor, from which I overlook 
the Beaujon gardens. It was at half-past six in the evening, 
in the month of June, 1849, on the 16th, I believe, and a 
Friday, the same day on which the cholera was most severe in 
Paris. The temperature was suffocating, the sky appeared 
calm at the moment, but heat lightnings were seen on all sides 
As I passed by my window, which is very low, I was astonished 
to see a large ^balloon or ball, very like the moon when she 
appears augmented in size, and coloured by vapours. It de- 
scended slowly and perpendicularly from the sky towards a 
tree in the Beaujon gardens. My first idea was that it was an 
ascent of M. Grimm; but the colour of the balloon, and the 
hour, made me think I was mistaken, and while I was seeking 
to guess what it could be, I saw the lower part of the globe, 
wheiii seven or eight yards above the tree, flame out* It was. 
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like paper burning gently, with sparks and small flames, and 
when an opening two or three times as large as a hand had 
thus been formed, a terrible explosion burst asunder the enve- 
lope and there darted from it ten or twelve «gzag lightnings, 
which shot forth in nil directions; one of these struck a neigh- 
bouring house. No. 4,, where it made a hole in the wall as a 
cannon ball might have done ; this hole still exists ; and, lastly, 
a remainder of electric matter began to burn with a white vivid 
and brilliant flame, and to revolve like an artificial sun in fire- 
works. 

The phenomenon lasted above a minute, and presented such 
a beautiful spectnclc that I had not even an idea gf danger or 
fear, and could only cry out, ^ How fine ! How beautiful !’ 

Nevertlieless, the explosion had been so violent, that three 
men in the street had been thrown down by it, and, as will readily 
be believed, a great sensation had been caused in the district. 
My cook was almost asphyxiated by a flash which passed across 
her window. The porter’s wife let fall a dish which she held 
in her hand, but could not say afterwards whether it was simply 
from fright or whether she had been shaken by the commotion 
caused l)y another lightning which ran down the great stair- 
case, on the landing of which she was. Another ray of light- 
ning entered the boarding school of Madame Loiseau, Rue 
Neuve de Berry, where it wounded one of the governesses; 
the inhabitants of No. 4. rushed out into the court, terrified 
but unhurt. 

Paris resounded witli this terrible thunderstroke ; but per- 
haps I am the only person who happened actually to see the 
display of the phenomenon, and I would not for a groat deal 
have lost being an eye-witness of so admirable and marvellous 
a spectacle I ” 

§ 8 . 

At the Beuzcville station, on the railroad* from Paris to 
Havre, during a thunderstorm which took place on the 17th of 
May, 1852, at five in the afternoon, there were observed some 
very curious facts, which I insert from a letter of M. Lalande, 
written from the account given by M. Maillot, the station 
master. 

I had left my wife to replace mo at my post at the tele- 
graph, and had gone to the gcods’ shed on the other side of the 
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inclined plane, for the purpose of hastening the loading of a 
waggon to be attached to the mixed train which was to ascend 
the plane at 6 h. 18 m. At this moment I saw in the south- 
east, advancing towards the place where I was, a luminous 
globe, resembling the mimic bomb shells used in the represen- 
tation of battles. I called out to one of the factors that he 
might enjoy the sight, and thus he as well as myself saw this 
luminous ball, which we expected to pass over our heads, sud- 
denly stop and disappear, just as it was above the telegraph 
wires, about sixty feet from us. At the same time the light- 
ning fell, as we afterwards learnt, in the churchyard at Beuze- 
ville, which would lead me to believe that the kind of zigzag 
which appeared to drive the luminous globe towards us was 
itself the ordinary striking lightning or thunderbolt. The 
storm afterwards passed on with increased violence to Criquetot 
lez-^feval, where the hail did much damage.” 

§ 9 . 

I have still to record a double case of globular lightning 
observed by M. AI. Meunier, Chef de Bureau at the MinistSre 
de I’Interieur, and related in a letter addressed to M. Jamin, 
which that physicist has kindly communicated to me. 

In the month of June, 1852, I was walking along the 
liue Montholon, between eleven and half-past eleven at night, 
when thunder and lightning burst forth with a degree of 
violence unusual at Paris. At first I paid little attention, and 
continued my walk, but about the middle of the street a light- 
ning of extraordinary brilliancy blazed forth, and was instantly 
followed by a peal of thunder like a discharge of artillery. 
The lightning appeared to me like a very large shell thrown 
with great violence into the middle of the carriage way, where 
it burst with a tremendous explosion. The impression at the 
moment of the appearance of the globe was, that it was as if 
the moon were, detaching itself from the sky. It was about the 
same size, and I should almost say the same colour. The sight 
did not cause me to stop or slacken my j)ace, for I remembered 
the saying that when one has seen the lightning the danger is 
over. I merely settled more firmly on my head my hat, which 
the wind, or the commotion produced by the electric discharge, 
had displaced, and continued my way unhurt to beyond the 
Place Cadet. Just as I stept on to the foot-pavement, I saw 
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Approach^ a little obliquely, a fresh globe of fire similar to the 
first, but which had in addition, at its upper part, a kind of red 
flame, which might be compared to the fuze of a shell, although 
it was rather larger. This globe, which had not been preceded 
by a flash of lightning, at least not that I saw, descended with 
dreadful velocity, and burst in the street with a noise such that 
I have never heard the like. It gave me a violent shock on 
the right side, so violent indeed, that I was thrown by it against 
the wall. No doubt the noise of the explosion seemed to me so 
great only because I was in a position to hear it perfectly ; but 
what appeared to me most especially remarkable was the 
globular form of the thunderbolt. My recollections on this 
point are most precise. As to the accident in itself, no seriously 
bad consequences followed from it; it only caused me to be 
unable to digest for a fortnight. I will add, in conclusion, that 
this thunderstroke formed the termination of the storm, and 
that on the following day the newspapers announced that the 
lightning had struck in the neighbourhood, I think in the Rue 
Lamartine.” 


CHAP. VIII. 

LIGHTNINGS SOMETIMES ESCAPE FKOM CLOUDS AT THEIR UPPER 
SURFACE, AND ARE THUS PROPAGATED UPWARDS IN THE ATMO- 
SPHERE. 

There is in Styria a high mountain called Mount St. Ursula, 
on the summit of which a church has been built. Jean Baptiste 
Werloschnigg, Doctor of Medicine, visited this church on the 
1st of May, 1700, and saw very dense and very black clouds 
form halfway up the mountain and become the seat of a violent 
thunderstorm. On the summit of the mountain the sky con- 
tinued quite serene, and the sun shone with great brilliancy. 
Persons might, therefore, deem that they were in perfect safety 
in the church, and yet lightnings from the child behw killed 
seven persons in it by Dr. Werloschnigg’s side. 
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CHAP. IX. 

WHAT IS THE DURATION OF A FLASH OF LIGHTNING OF THE FIRST 
OR OF THE SECOND CLASS. 

This question is one of more importance than may appear at 
first sight. Its solution, which is very recent, depends on con- 
siderations of some delicacy. They are taken in part from a 
child’s amusement or experiment which every one must have 
made or seen made, and which consists in rapidly moving a 
piece of burning stick, or glowing charcoal or ember, so as to 
produce the appearance of a continuous riband of light. • 

Let us suppose the stick to describe a complete circle, and to 
take a tenth of a second only in doing so. In such case experi-- 
ment proves that we see a luminous circumference in which the 
most attentive eye discovers no interruption to perfect con- 
tinuity. The sense of vision reports that the glowing end of 
the stick occupies all points in the circumference of the circle 
simultaneously; yet in reality it only attains each of these 
points successively, or one after another, and a tenth of a second 
elapses between its quitting any one of them and returning to 
it again. 

One important inference follows from this experiment. It 
will become evident if we fix our attention for a moment on 
some single point, say, for example, the uppermost point of the 
circle traced by the stick. When the glowing chaicoal occupies 
this point, the rays of light which proceed from it form its image 
in the eye of the observer, on a particular part of the retina. 
When the charcoal moves, this image should also move, and indeed 
it does so, since we always see the charcoal where it actually is. 
But it would seem that as we see this second image the first 
image ought to have disappeared, since the cause which pro- 
duced it, if it has not disappeared, has at least changed its place ; 
so far from this being the case, there is time for the glowing 
charcoal to make a complete round, to return to its first place, 
and reproduce on the retina of the spectator the image of the 
uppermost poiut of the circle, before the sensation resulting 
from its first passage through that point has ceased or been 
effaced. 

It follows, then, that the impressions received by us through 
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our sense of vision have a certain duration, or last a certain 
time. The human eye, at least, is so constituted that the sen- 
sation of light does not cease until a tenth of a second after the 
complete disappearance of the cause which produced it. 

We have just recognised that a radiant point which takes 
only a tenth of a second to make a complete circuit, has to our 
eyes the effect of a circumference of a circle completely 
luminous througliout. It is evident that if two, three, ten, or a 
hundred radiant points are placed successively between the 
supposed pt)int and tlie centre of rotation, (or centre of the 
circle which it describes), and are made to turn simultaneously 
and with the same rapidity, they will produce, two, three, ten, 
to a hundred circumferences of concentric luminous circles. 
Every one, therefore, will readily comprehend that if these 
different moving radiant points are contiguous, if they touch 
each other, and are sufficiently numerous to form when in 
a state of repose a line of continuous light between the first 
point and the centre, the circumferences wJiich they describe 
when in motion will also touch, and thus instead of the two, 
three, ten, or a hundred separate circumferences of the 
preceding experiment, we shall have a circular surface entirely 
illuminated. 

Here, in complete analogy with what happened in the pre- 
vious experiment with single points, a luminous line turning 
round one of its extremities produces a circular surface of 
lights if it returns to each successive position through which it 
has passed l^fore each of the images which it has produced on 
the retina during a first revolution has been effaced ; that is to 
say, if the line describes the entire circle within a tenth of a 
second. 

Now in place of a single moveable luminous line, let us 
suppose four illuminated lines, all similar and equal in intensity 
of light, placed at right angles to each other, so as to divide the 
circumference into four equal parts. It will now no longer be 
needful that the apparatus should make a complete revolution 
in a tenth of a second ; a velocity four times less, or a rotation 
performed in four tenths of a second, will suffice to produce a 
circular surface, which shall in the same manner appear com- 
pletely luminous. 

For what is it that is required for this continuity of bright- 
ness? It is that no point of the circle shall be deprived oi real 



light for more than a tenth of a seeond. Well^ then, let ue sup-^- 
pose the moment when one of the four luminous lines is vertical ; 
the next following line mil in its turn become vertical in a 
fourth part of the time required for an entire revolution, ?. e, in 
a fourth part of four-tenths, or in one-tenth of a second. The 
third rotating line will in the same manner, in the course of 
another tenth of a second, succeed the second line in the occu- 
pation of the vertical position, and so on. Thus, when the 
vertical image of the first line is about to fade, the second of the 
four rectangular luminous lines of the apparatus conies to renew 
it ; when the vertical image of the second lino reaches the term 
of its duration the third line takes its place ; the fourth line in 
its turn comes to the vertical just as the image of the third 
begins to be effaced ; and lastly, the first line returns to the 
j)Osition in which we first supposed it placed exactly in time to 
occupy by its light the vertical direction which the disappearance 
of the image of the fourth line was about to leave dark. 

I have thus shown in detail, in too great detail perhaps, how 
four luminous lines placed rectangularly to each other, and 
describing a circle round their point of intersection in four- 
tenths of a second, illuminate, witli an apparently continuous 
light, the vertical radius of the circle. Every one will see the 
obvious remark that the same reasoning would have applied to a 
horizontal radius, or to a diagonal, or other oblique radius ; and 
thus the mode by which luminous surfaces are produced by the 
rotation of simple lines, is sufficiently explained. 

To resume, a luminous line produces the appearance of a 
circular surface of light, when it turns round one of its own 
extremities with suflScient rapidity to describe the entire circum- 
ference of a circle in a tenth of a second of time. 

This point is a simple matter of fact connected with the con- 
formation and sensibility of the human eyes. It is thus that 
things are, but they might have been otherwise : it is only by 
experiment that we learn the truth in this respect. 

The experimental truth being once established that a tenth 
of a second for the rotation of a single line is the least rapidity 
required to produce a circular area of continuous light, it follows 
necessarily and mathematically that the least rapidities or veloci- 
ties of rotation required for ten, a hundred, or two hundred lines, 
placed at equal angular intervals, to produce the same effect in 
turning round their common point of intersection, will be ten. 
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a hundred, or two hundred times less than in the case of a 
single line, that is to saj, they will ^correspond to one, ten, or 
twenty seconds for an entire rotation. 

Nothing in the above reasoning implies that the rotating 
lines need to shine by their own light. We may therefore 
expect to observe precisely the same phenomena whether the 
lines which are made to rotate are self luminous, or whether 
they only shine by reflected light ; only it is req^uisite* in the 
latter case that the line should be of such a nature and form, 
and disposed in such a manner relatively to the source of illumi- 
nation, that the eye shall perceive them equally in all the posi- 
tions which they assume in turning. Such, for instance, would 
be the flat and non^polished spokes, or radii, of a wheel in frosted 
silver ; the flat and non-polished spokes of a wheel of any kind 
of substance if covered with a coat of white lead, &c., and what- 
ever might be the kind of lamp placed in front of them to light 
them up, or even if a simple wax candle were used for that 
purpose. The radii not being polished would never act as 
mirrors in any of the positions assumed by them. They would 
be seen only by the kind of light which all bodies receiving 
light assimilate to themselves, to give back to us in all directions, 
or in the state of diffused light; vermilion with a decided red 
hue, brass with an evident yellow tinge, dead silver and 
white lead with perfect whiteness, &c. A spoke of dead or 
frosted silver turning round one of its extremities in a tenth of 
a second will give rise to the appearance of a circular white sur- 
face ; four, ten, or a hundred spokes of the same material at equal 
intervals will produce the same effect if they turn respectively 
in 0*4 of a second, in 1 second, or in 10 seconds. 

Let us keep for a moment to the latter case — to that of a 
hundred thin metallic spokes or radii, fixed so as to form with 
each other equal angles, and made to rotate so as to produce 
to the eye the effect of a circular disk of light. This desired 
effect will begin to be produced when the velocity of rotation 
is that of a turn in ten seconds. A less velocity will not suffice, 
but any greater velocity, however considerable, would conduct, 
still better, if possible, to the same result. 

Among the infinite number of velocities greater than that 
which is strictly necessary for the turning radii to appear to 
form a continuous surface, let us, in order to fix our ideas, 
make choice of one. Let us suppose our hundred spokes to 
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make a complete turn in a tenth of a second^ a velocity very 
easily obtainable; then each spoke will employ a hundredth 
part of that time, or a thousandth part of a second, to pass from 
any one of its positions to that occupied at the same moment 
by the preceding spoke. 

Let us recollect carefully this quantity (a thousandth of a 
second)^ and let us introduce into our experiment one suppo- 
sition more ; viz. that the light which illuminates the hundred 
spokes of the revolving wheel, and without the presence of 
which they would not be seen at all, as they are not self- 
luminous, does not shine uninterruptedly. Let the supposition 
be that the wheel turns always uniformly at the rate agreed 
upon, 2. e. one revolution in a tenth of a second, but that it does 
so in the dark^ excepting when illuminated by a light which 
appears only for an instant. It will then be the duration of 
this instant which will determine whether the wheel, when thus 
illuminated, shall be seen as a wheel having from the centre to 
the circumference alternate spaces, void and occupied, dark ^nd 
bright ; or as a continuous surface, equally illuminated through- 
out. 

Let us first assume that the light strikes the revolving wheel 
only for an instant, infinitely hriefi It will then strike upon 
and illuminate the diflTerent radii only in one of their positions. 
Each radius being seen only in this single and special position, 
will then produce on the retina an image of which the duration 
experimentally found is a tenth of a second. The revolving 
wheel will then be seen for a tenth of a second in its true form, 
and as if it were motionless. 

Let us now pass to another supposition, which I will call 
extreme (an expression which will soon be seen to be justified). 
Let us assume that the light lasts a thousandth part of a second. 

A thousandth of a second is, in the hypothesis, the time re- 
quired for each spoke to pass from one of its positions to that 
occupied at the same moment by the preceding spoke. In this 
sliort interval of time, therefore, there will not be in the in- 
terior of the rotating wheel even the space of a mathematical, 
or ideal, radius or line which will not be occupied in its turn 
by one of the actual or material radii or spokes ; there will not 
be one of these thousand or million positions in which the 
spokes do not receive illumination, and do not form an image 
on the retina. These images, be it well remembered, last a 
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tenth of a second, that is to say, 100 times longer than is 
necessary for all the geomet 7 'icalj or infinitely narrow, radii of 
the wheel to send back a luminous line to the eye of the 
observer, TbeveforOf at a given moment, all these luminous 
lines will be seen simultaneously, and the wheel, though ac- 
tually consisting of occupied and unoccupied spaces, will appear 
a uniform continuous surface, illuminated at all points. 

If now we were to endeavour to apply the same considera- 
tions to the case in which the duration of the liglit should be 
less'^han that which each spoke of the revolving wheel requires 
for passing from one of its positions to the place occupied at 
the same moment by the preceding spoke, every one may see, 
without difficulty, how different would be the results of the 
experiment. Let us, for example, assume the time for which 
the apparition of the light continues to be only half that before 
supposed, or only half a thousandth part of a second. In half 
a thousandth of a second each material radius, or spoke, passes 
thrgugh only half the angular interval comprised between one 
of its positions and the position held at the same instant by the 
preceding spoke. At the mathematical instant at which the 
light apjDcars, each spoke is caught and illuminated in one of its 
positions ; when the light disappears each spoke has traversed 
only half the distance which it had to pass through in order to 
reach the position of the preceding spoke. At the instant of 
the first apparition of the light certain spaces were included 
between every two spokes. Well then precisely one half of 
each of these spaces has remained unvisited by any of the 
spokes of the revolving wheel during the brief interval which 
we have just assigned as the duration of the light. These 
spaces being thus void, could not therefore reflect to the 
observer any ray of the illuminating light; consequently the 
wheel must have appeared to consist of a series of alternately 
dark and light sections. 

Those persons who were aware that, the sensation produced 
on the eye by any kind of light lasts for a little while after the 
light has really disappeared, might not unreasonably have con- 
cluded, that even if it were only on account of that circumstance 
they could not confidently expect an exact solution of the ques- 
tion proposed in the title of this long chapter ; yet the actual 
result has been, that this apparent obstacle has itself supplied 
means of investigation whereby we can operate upon thousandth 
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parts of seconds better than could have been done by tho usual 
methods with entire seconds. Let the details of the experi- 
ment be duly considered, and it will be seen that this is not an 
exaggerated statement 

I desire to know the duration of each of those flashes of 
lightning which furrow the face of the sky on a dark night. 
I set up, facing the region wiiere the thunderstorm is taking 
place, a metallic wheel having a hundred thin spokes. A clock 
movement gives to the wheel a regulated and uniform velocity 
of rotation of ten turns in a second of time, or one turn in a 
tenth of a second. The wheel is put in motion, and I place 
myself between it and the storm-clouds, not, however, so as to 
prevent the flashes of lightning from illuminating the wheel. 
As in the hypothesis all is in darkness except when the light- 
nings appear, I do not usually see the wheel at all. A flash 
occurs, and at that moment the wheel is lighted up ; I ought, 
therefore, to see it, and I do see it in effect ; but the conditions 
under which it appears depend on the duration of the flash. If 
this duration has been infinitely short the wheel will have been 
seen, for a tenth of a second, as consisting of a hundred luminous 
spokes^ — motionless, — and of the apparent breadth of the true 
spokes. 

If the flash has lasted a thousandth part of a second the 
wheel will have appeared to be a circular disk full of light from 
the centre to the circumference. 

To durations of half^ a thirds a fourth^ or a fifth of a thoU'^ 
sandth part of a second will correspond the appearance of cir- 
cular disks having respectively half tuw'-thirdsy three-quarters^ 
and fourfifths of their whole surface completely deprived of 
light. 

By enlarging the dimensions of the wheel we may increase our 
scale of measurement as much as we desire, and thus facilitate 
the estimation of the relative spaces ; moreover, by varying the 
velocity of rotation we may even avoid altogether the necessity 
of estimating by the eye the proportion of the illuminated to 
the dark portion ; we may reduce the whole question to the 
determination of the velocity at which the entire circle appears 
illuminated. If a velocity of rotation of one turn in the tenth 
part of a second does not produce a continuous circle of light, 
we gradually accelerate the movement until this continuity is 
obtained# Supposing this effect not to begin to be realised 
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until the wheel turns once in a half^ or a third of a tenthiofu 
secondy this will prove that the flash of lightning did not last 
more than half or a third of a thousandth of a secondy and so on 
for whatever other numbers might be found. 

Having now come to the end of this long and minute expla- 
nation^ I may state that, after having multiplied the spokes of 
the wheel as much as possible, anU after having had recourse to 
the greatest velocities of rotation compatible with safety and 
uniformity in the clock-work, the revolving wheel when pre- 
sented in thunderstorms to lightnings either of the first or 
second class never appeared a continuous surface ; its spokes 
were always seen as distinctly and sharply defined as if the 
wheel were at rest; their apparent breadth was not even in the 
least degree increased. We shall be keeping far within the 
conclusion which this experiment would authorise when we 
content ourselves with saying that the most brilliant and exten- 
sive flashes of lightning of the first and second class, even those 
which appear to embrace the whole extent of the visible 
horizon, have not a duration equal to the thousandth part of a 
second of time. 


CHAP. X 

ARE STORM-CLOUDS EVER CONTINUOUSLY LUMINOUS? 

The obligation which, when I commenced writing the history 
of thunder and lightning, I imposed on myself, viz., that of con- 
sulting all memoirs, however obscure, or however little esteemed, 
in which I should have any reason to suppose that notices rela- 
tive to the subject might possibly be found, has led to the dis- 
interment of a fact, the importance of which is such that it is 
really surprising that it should not have been better appreciated. 

* Mr. Wheatstone, to whom we owe the ingenious experiments of which 
I have just given an account, has succeeded, by means of a very important 
modification in his fine apparatus, in demonstrating that the electric spark 
of our machines, does not last the millionth part of a second. It is greatly 
to be desired, that these new means of investigation should be perseveringly 
applied to the study of lightning. Great discoveries will probably be thus 
arrived at. 
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as the ti^ of the chapter indicates, is the emission, 
— not an intermitting, but a continuous emission of light from 
the surface of certain clouds, I find it recorded in the most 
clear and distinct manner in a memoir of Bozier as having 
occurred on the 15th of August, 1781, and in a memoir of 
Nicholson as having occurred on the 30th of July, 1797. 

On the 15th of August, 178l, the sky at Beziers became after 
sunset covered with clouds ; at a quarter before eight thunder 
began to be heard ; at five minutes after eight it was quite 
dark, and the storm had acquired great intensity. At that 
moment,” says Bozier, as I was examining the direction and 
effect of the lightnings, I saw a luminous point appear from 
behind the slope of the hill which bounds on one side the view 
from my house. This luminous point gradually increased in 
size and extent, and presently fwmed a zone, or phosphoric 
band, appearing to my eyes three feet wide. When complete, 
its horizontal length subtended an angle of 60 degrees. 

Above this- first luminous zone there was formed another 
of the same height, but of only 30° extent, or half that of the 
lower band. Between the two there remained a vacant interval, 
of which the height equalled that of either of the bands taken 
separately. .... 

“ In both zones I remarked irregularities nearly resembling 
those in the edges of the great white clouds which are the pre- 
cursors of thunderstorms. The edges were not all equally 
luminous, but in the middle of the zones the brightness was 
unifonn. While the zones were advancing towards the east, 
lightning darted three different times from the extremity of 
the lower zone, but without being followed by any audible 
detonation. 

The luminous zones were not joined to the general mass of 
storm-clouds; they were much nearer to the earth. The 
phenomenon” (that of the bright bands) "was seen from five 
minutes after eight to seventeen minutes after eight (or for 
nearly a quarter of an hour).” At 8h. 17 m. a south wind 
sprung lip and drove the storm away from Beziers.” 

Now let us hear Nicholson: — " On the 30th of July, 1797, , 
I rose at five in the morning; tfie sky, excepting towards the 
south, was covered with very thick cloudsj^whioh were travelling 
very rapidly wcst^south-west. LigWnings appeared frequently 
in the north-west and south-west; they were followed, after 

E 
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eleven or twelve seconds, by violent tl]iu]^|||irclaps. !3Cbg^^Jjp^er, 
most waved and jagged portions of the clouds, had a cdhstant 
red tinge, and I learned that this tinge had been much stronger 
and more jnarked before I had the opportunity of observing it. 
I was also told that at a quarter after four the houses opposite 
to mine appeared as if viewed through a dark blue glass ; when 
I looked at the sky I saw the clouds of a very intepse leaden 
blue.” 

These two observations, and especially that of Rozier, in 
which there is nothing which can be deemed equivocal, seem to 
me to have some kind of analogy with a remark of Beccaria’s, 
which I wish therefore to commend to the attention of observers, 
if only in the light of a conjecture and a subject of inquiry. 

The Physicist of Turin says: — It has very often happened 
to me, on nights entirely dark, -and particularly in winter, to 
see scattered clouds draw together, and by their agglomeration 
form a general uniform cloud, with a smooth surface, and of 
apparently inconsiderable density. Clouds of this kind send 
forth in all directions a reddish light, without definite limits, 
but of strength suflScient to have enabled me to read print of 
ordinary size {mediocre carattere). This nocturnal light from 
clouds has been principally observed by me in winter nights, 
between heavy falls of snow. I am myself inclined to attribute 
it to the ^matter of lightning’ (electric .fire), to which arc to 
be universally ascribed general clouds without apparent undu- 
lations. This matter, if circulating through the vapours in 
quantities ever so little above what they are capable of trans- 
mitting, must manifest luminosity, as many cabinet experiments 
have shown. If very slender and extremely frequent darts of 
light occur at all the points where the vapours present slight 
variations of density, it is evident that the result will be a faint 
general luminosity, without definite boundaries.” {DelV Elettri-- 
cismo Terrestre Atmosferico, p. 288.) 

In relation to the phosphorescence of clouds, I subjoin the 
following observation, for the knowledge of which I am indebted 
to the celebrated Director of the Armagh Observatory, Dr. 
Robinson: — 

In determining’ the lines of magnetic force in* Scotland, 
Major Sabine remained some time at anchor in Loch Scavig, in 
the Isle of Sky, The loch is surrounded by high mountains 
of bare rock, one of which was remarked to be almost always 
enveloped in a cloud resulting from the precipitation of vapours 
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brot^bt from the 'l^entio by neatly constant south-westerly 
winds. At night this cloud appeared luminous in itself, and in 
a permanent manner. Major Sabine llso saw repeatedly ascend 
from it streamers similar to those of the aurora borealis. He 
decidedly repels the explanation of these being distant auroras 
existing near the horizon, the direct view of which was inter- 
cepted by the mountains^ allowing only the upper, part to be 
seen. lie was fully persuaded that the luminous phenomena, 
both the persistent and the intermittent ones, whatever might 
be their nature, were connected with the cloud itself.” 

Dr. Robinson also mentioned that he had himself made va- 
rious observations on the phosphorescent properties of ordinary 
fogs in Ireland. It is much to be desired that this distinguished 
astronomer should communicate them to the public without 
delay. 

The admixture of certain foreign substances with our atmo- 
sphere, which sometimes takes place, communicates to it the 
phosphorescent faculty in a high degree. For example, a Me- 
moir of M. Verdeil, physician at Lausanne, informs us that the 
celebrated dry fog of 1783 diffused at night a light which 
permitted one to see objects at a certain distance, and which 
extended equally to all parts of the horizon. The light was 
similar to that of the full moon with a sky generally covered, 
or when concealed behind a thick but more partial cloud.” 

The dry fog of 1783 was .the seat, and perhaps the cause, of 
frequent thunderstorms. A work of Dcluc, which has but few 
readers, entitled Idees sur la Meteorologie,” seems to show 
that clouds may become luminous without our being altogether 
warranted in seeking an explanation of the fact in smalb in- 
cessantly renewed, lightnings. The following is the passage : — 
As I was returning home in London, about eleven o’clock 
on a winter’s evening, the air being very serene, without being 
very cold, there being no moonlight, I saw a lumihously dappled 
part of the sky forming a zone of several degrees of lareadth, 
stretching nearly from east to west, passing thirty or forty de- 
grees to the south of the zenith,' and nearly touching the horizon 
on either side. My lodgings were Very near the country, which 
made it easy for me to observe the phenoih^non in its whole 
extent, and I did so from ,the moment ! perceived it until its 
close. This species of cloud, which was as bright throughout 
its entire length as is a thin cloud veiling the moon, at first 

' ' n ‘z * 
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quite conceuled the stars. Gradually the dappling became more 
pronounced, and stars appeared in the intervals of the mottlings. 
I afterwards perceived tUfem through the mottlings themselves, 
which now only resembled a gauze, and in about ten minutes 
entirely disappeared. Thel*e had been,* I imagine, some phos- 
phoric decomposition; for else from whence would the light, 
which came from the whole cloud, have proceeded? There 
was not the least sign of electricity ; all was in repose, except- 
ting a little, general movement in the zone of which we have 
been speaking.’’ 

When we reflect on the immense effect of clouds in weaken- 
ing the dazzling light of the sun on particular days in winter, 
we have much reason to be surprised at the fact that after 
sunset, when it is quite night, and even at midnight, the sky 
being similarly covered with clOuds, and when there is no 
moonlight, there should be still light enough in the open 
country fpr people to move about without striking against 
obstacles lying in their way. It is scarcely possible to admit 
that this faint diffused light, which, on a cloudy night, is so 
great an advantage to us, comes from the stars. But if we 
exclude stellar origin, the only resource remaining to us for 
the explanation of the fact is, the supposition that all clouds 
have a luminosity of their own, the difference between them in 
this respect being one of degree. At the one extremity of the 
scale would be the bright .clouds observed by Rosier ; lower 
down, and at a considerable interval, those of Nicholson ; lower 
still the snowy clouds of Bcccaria ; lastly, at the lowest end of 
the scale, would be those thick dense clouds which cover the sky 
in the darkest nights of winter, and which yet are the cause 
that even at midnight the darkness in the open air is never 
quite equal to that of a subterranean space, or of a room having 
no windows.* 

* My purpose Iiad been to touch only on one point of a simple meteoro- 
logical phenomenon, yet such are the necessary connections of the different 
sciences, that without thinking of, or intending it, we have, I believe, pene- 
trated a little way into one of the greatest problems of natural philosophy. 

I mean the question of how it is that our sun has shone for so many ages 
without losing any of its brightness. Ordinary combustions are irrecon- 
cilable with such endurance. At some period in the course of time, the 
combustible itself and the matter which supports the combustion must, we 
should suppose, have been exhausted. 

Let us regard^ phosphorescence as a necessary consequence of a gaseous 
condition and state of cloud; and let us further suppose the sun to be 



THUNDER AND LIGHTNING. 


53 


CHAP. XL 

ON THUNDER PROPERLY SO-CALLED, OR ON THE NOISE HEARD WHEN 
THE LIGHTNING ESCAPES FROM THE CLOUDS. 

The apparition of lightning is usually followed, after longer 
or shorter intervals, by sounds whieh every one has heard, but 
probably without sufficiently remarking the different characters 
by which they are distinguished under different circumstances. 

Lucretius gave, I think, a very exact idea of a particular 
kind of thunderclap, by comparing it to the peculiar grating 
sound made by paper when it is^rn (Book VI.). 

I would not venture to assert that the comparison has been 
rendered much more exact by the substitution of the sudden 
tearing of a strong silk stuff for that of paper or parchment. 

Sometimes the sound of thunder seems clear and sharp like a 
single pistol-shot. 

More generally it is full arid very grave; some observers 
even affirm that it becomes more and more grave as the 
resonance is more prolonged. Practised musicians can alone 
decide this question. 

In the sound of thunder two circumstances appear deserving 
of particular attention. On the one hand, its long duration ; 
and on the other, the successively lessening and increasing in- 
tensity so often repeatedly renewed during the resonance of one 
and the same explosion. It has not been by chance that the 
“expression rollmg of the thunder” has been generally adopted, 
nor is it without reason that this rolling has been compared to 
the noise caused by a heavy cart moving rapidly down a very 
rocky or rugged road. We shall soon have occasion to 

surrounded by a continuous stratum of clouds ; and the difficulty will dis- 
appear ; for phosphorescent emissions do not necessarily imply loss of sub- 
stance. It might possibly be sufficient to extend the state observed by 
Rozier of certain parts of the storm-clouds at Beziers, to a whole atmo- 
sphere, in order to arrive at something resembling the brightness of the sun. 

If my conjectures should be well-foundc^d, Nicholson would have caught 
sight, at a few minutes* interval, of the two atmospheric constitutions giving 
rise to red and to blue stars. 

* No one, I hope, will be astonished at my noticing the method success- 
fully adopted in some theatres for imitating by very simple means not only 
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examine whether echoes are principally^ :;or only' secondarily, 
concerned in these effects. In the meantime I will notice such 
well-assured facts as I have been able, tq collect respecting the 
greatest observed duration, in a plain country> of the rolling of 
thunder corresponding to a single 'flash of lightning^ Attention 
is required to the words printed in italics, for even in our 
climates thunder is sometimes heard continuously for hours 
together, but at such times flashes of lightning also follow each 
other almost uninterruptedly. 

In the register of observations made at Paris, by de L’Isle, I 
find at the date of 

June 17. 1712, a peal of thunder which lasted 45 seconds. 

On the same day the next most considerable results were — 
41, 36, and 34 seconds. 

In succeeding observations on the 3rd, 8th, and 28th of July, 
dc L’lslc found the duration of the longest peals of thunder 
rcspectiv(ily ; 

39, 38, 36, and 35 seconds. 

Those who have not studied thunderstorms with tlie attention 
of a meteorologist or physicist, may not perhaps be aware that 
the strength of the sound of each explosion is not always great- 
est at the commencement. Tliunder often begins by a hollow 
rolling which is succeeded by loud outbursts, and these again 
are followed by a roUing which dies away rapidly but gradually. 
On certain points of theory excellent tests will be supplied by 
nmnerical estimations of the intervals between the faint begin- 
nings, in particular cases of thunder, and the period of intense 
resounding noise. At present we have unfortunately very few 
data of this kind. Those which I am about to cite are also 
furnished by de LTsle ; it is surprising that his observations 
should never have been referred to. 

the kind of almost uniform muttering which is the sound of distant thunder, 
but also the sudden crashing, jerking bursts of near thunder. The operator 
employs a thin rectangular plate of hammered iron about a yard long, and 
half a yard broad. He takes it by one of its corners between his fore 
finger and thumb, and, by a particular turn of the hand, makes the corner 
of the metal which he holds bend sometimes in the one, and sometimes in 
the opposite direction. By varying the rapidity of these alternations the 
various modifications of the noise of thunder are imitated with great 
success. 
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June 17, 1712, a tfemderstorm over Paris : — 

At 0 seconds a flash of lightning. 

At 3 „ the thunder begins to be faintly hoard. 

At 12 „ beginning of the full force of the thunderclap. 

At 19 „ thunder dies away. 

Thus nd less than 9 seconds elapsed between the commence- 
ment of the thunder, and that of its full force : — 

July 21. 1712, Paris: — 

At 0 seconds a flash of lightning. 

At 16 „ thunder commences faintly. 

At 26 „ becomes loud. 

At 32 „ dies away. 

The following notices have over the preceding ones the 
advantage of giving the duration of the loud portion of the 
thunderpeal : — 

July 8. 1712. 

At 0 seconds a flash of lightning. 

A1b 1 1 „ thunder begins gently. 

At 12 „ loud crashing sound or thunderclap begins. 

At 32 „ „ „ „ terminates. 

At 50 „ thunder dies away. 

The reader will here remark that the full sound of the thun- 
derclap lasted 21 seconds. 


Same Day, 

At 0 seconds a flash of lightning. 

At 1 1 „ thunder begins gently. 

At 12 „ the loudness of the thunderclap begins. 

At 38 „ „ „ „ „ „ terminates. 

At 47 „ thunder dies away. 

The duration of the full thunderclap has here risen to nearly 
half a minute. 

I will cite one more case, because it presents the novel cir- 
cumstance of a reduplication of intensity during the course of 
the thunderclap. 

At 0 seconds a flash of lightning. 

At 10 „ thunder commences very faintly. 

At 13 „ thunderclap. 

At 20 „ redoubled intensity. 

At 35 „ thunderclaps cease. 

At 39 . „ thunder dies away. 

The intensity of thunder, meaning thereby the strength of 
the sound at the loudest , part of the burst or thunderclap, pre- 
sents astonishing variations. 
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The Reverend William* Paxton, in to the Dean of 

Exeter an account of the thunderstroke which, on the 2nd of 
March, 1769, threw down one of the pinnacles of the tower of 
Buckland Brewer, said that the noise of the explosion was at 
least equal to that of a hundred pieces of cannon discharged 
at once. 

On the other hand I find in the notes for which I am in- 
debted to Captains Pcytier and Hossard, that in the Pyrenees, 
thunderclaps taking place close by them, in the middle of the 
very clouds in which they were enveloped, "produced hollow 
sounds similar to those of powder not compressed fired in the 
open air. 

Fulminating balls or globes, one of the forms of lightning, 
sometimes produce most violent explosions. When the Mon- 
tague” was struck at sea by one of these oh the 4th of Nov, 
1749, the sound heard was, according to the account of the 
master, Mr. Chalmers, equal to that of several hundred guns 
going off at once, but it did not last more than half a second. 
Thunder is only heard at a greater or less interval after the 
appearance of the flash of lightning. Every one must have 
remarked this fact — and the tables just given from de LTsle’s 
observations have also brought it to the reader’s notice. The 
cause of the phenomenon is simple, and we shall soon have to 
discuss it in detail ; the inferences to be drawn from such dis- 
cussions will be the more valuable and useful, if we have worked 
with either high or low values for the elapsed interval. Let us, 
therefore, seek for maxima and minima of observed intervals be- 
tween the flash of lightning and the corresponding thunderclap. 

In regard to the maximum^ the celebrated geometrician 
Lambert did not think that as much as 40 seconds ever elapsed 
between the flash and sound; but at the very time when he 
expressed this opinion, he might have found in de L’Isle’s Me- 
moirs, published at St. Petersburg, results considerably above 
the limit which he thus adopted. Observations of the 2nd May, 

1 7 1 2, at Paris gaye : — 

42, 48, and 48 seconds. 

Those of the 6th of June following gave 

47, 48, 48, and 49 secoriJs. , , . 

From m observation of the 30th of April there would result 
the enormous interval of 

72 seconds. 
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In the observations of Chappe, made at Tobolsk in 176,1, I 
remark on the 2nd July : 

42, 45, and 47 seconds. 

On the 10th of the same.month'I find,— 

46 seconds. 

On the other hand, the smallest intervals between the flash of 
lightning and the thunder which I find among the very small 
number of observations of De LTsle are, — 

3, 4, and 5 seconds. 

Chappe’s observations give several cases of 

2 seconds. 

These last results will be of little use to us. On the other 
hand, very interesting and theoretically important inferences 
might be deduced from intervals not exceeding small fractions 
of a second. Unfortunately fractions of seconds are rather 
difficult to estimate, and ordinary observers do not even think 
of taking account of them. If the noise has followed the flash 
within less than a second, they declare without any further 
consideration the two phenomena simultaneous, whereas these 
are the very occasions in which precision is more than ever 
important. In consulting my own recollections I feel perfectly 
confident that I am keeping within the limits of the truth, and 
I even flatter myself that I do not expose myself to being con- 
tradicted by any well-practised observer, if I say that the 
interval between the flash and the sound is often less than half 
a second. 


CHAP. XII. 

Aim THERE LIGHTNINGS WITHOUT THUNDER, AND WITH A 
PERFECTLY CLEAR SKY? 

The phenomenon of lightnings without thunder, with a per- 
fectly clear sky, is too well known,, and rests on too general 
experience for it to be necessary for me to cite on this point the 
testimony of any particular meteorologist. Who, indeed, in 
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our climates has not seen and remarked ** heat-lightnings?” 
Bei^man tells us that in Sweden, where they are alsd very 
common, the peas'ants call them barley lightnings ” (kom- 
bleck), because they are usually seen in August, when the 
barley is beginning to ripen. 

It is by mistake that it has been asserted that heat-lightnings 
always remain near the horizon. Their light sometimes over- 
spreads the whole visible extent of the heavens. This remark 
will not be without its use when we eome to inquire whether 
heat-lightnings have an independent existeiice, or are only the 
reflection of other lightnings. 


CHAP. XIII. 

DOES THUUDEE EVEIt OCCUE WITHOUT LIGHTNING? 

Seneca asserted that thunder sometimes takes place without 
lightning. (Quast. Nat. lib. ii. § 18 .) 

I am ashamed to have to confess that as respects Europe I 
am almost reduced to Seneca’s statement. Thunders without 
lightning, notwithstanding the points of theory on which they 
might afford solutions, have but little excited the attention of 
observers. The citations which I am enabled to make from 
other parts of the world leave, I think, little room to doubt the 
reality and generality of the phenomenon. 

Thibault de Chanvalon wrote in October, 1751, in his regis- 
ter of meteorological observations at Martinique: — ‘‘Of eight 
days in this month on which it thundered there were two days 
without lightning.” In November, I read: — ^‘Thunder only 
on one day; three rather strong thunderclaps, but without 
lightning.” 

On the 19th of March, 1768^ near Cosseir in the Red Sea, a 
violent thunderclap spread consternation among the crew of the 
small bark on which the traveller James Bruce was proceeding. 
This thunderclap had not been preceded by any lightning. 
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CHAP. XIV. 

I>0 LIGHTNINGS EVER TAKE PLACE WITHOUT THUNDER IN A 
CLOUDY SKY ? ^ 

This question ought to be answered affirmatively. I might 
refer to a very ancient testimony, that of Lucretius. In the 
Sixth Book of his celebrated poem on the Nature of Things*’ 
(L 216, 217.) he says, that harmless lightnings escape in 
silence from certain clouds, and cause neither disturbance nor 
terror. 

Lightnings without thunder in cloudy weather appear to be 
common in the West Indies. Thibault de Chanvalon mentions 
them in his meteorological observations at Martinique. I find 
in his Tables, under the head of July, 1751, thunder six 
days, lightning without thunder two days.^'* To which I must 
add, that during these two days the sky appears to have been 
covered with clouds. 

The observations made at Rio Janeiro by Dorta, and recorded 
in the Memoirs of the Academy of Lisbon, arc no less positive ; 


they give me — 


In 1783 

1784 

1785 

1787 

- 24 days of lightning without thunder. 

• 48 „ „ 

- 47 

51 


The Meteorological Journal kept in 1826 at Patna in India 
(latitude 25*^ 37' N.),by Mr. Lind, leads to a still larger result; 

I find from it 

73 days of lightning without thunder. 

If we had under our eyes the very detailed observations 
made in Brazil. and India, perhaps we should find these numbers 
somewhat reduced ; perhaps we should find that the above enu- 
merations of “days of lightning without thunder” include 
some serene days. As, howev<5r, thunder aiid lightning are 
rare except in the rainy season, the reductions could not be 
very important. 

I cannot close this chapter without citing from observers in 
Europe some instances of lightning without thunder. 

Although I attach much less value to a general assertion 
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than to a particular observation accompanieiJ by mjjiute details 
(and among these I even go so far as to include the date and 
hour of observation), I will mention that in the Dissertation on 
Thunder which in 1726 gained for its author a prize from the 
Academy of Bordeaux the father of Lozoran de Fesc speaks of 
very vivid lightnings which during certain storms dart from 
the clouds in all directions, and almost uninterruptedly, without 
giving rise to any appreciable noise. 

The following observation is by the younger Deluc: — ‘ 

On the 1st of August, 1791, after sunset, the sky as seen 
from Geneva appeared covered with clouds to the .westward, 
over the Jura. These clouds were traversed by brilliant light- 
nings, but no thunder was heard. It may be objected that a 
distance of 12 to 20 kilometres (from to 11 geographical 
miles) was sufficient to entirely deaden the sound, but we are 
able to advance a step further. 

The clouds over the Jura gradually spread until they reached 
the zenith at Geneva. Then,” said Deluc, there still issued 
from them such lightnings as might have been expected to bo 
followed by thunderpeals of overwhelming loudness, instead of 
which scarcely any thunder was heard.” One of these flashes 
of lightning, however (Deluc does not say that it surpassed the 
others in brilliancy), was attended, on the contrary, by a ter- 
rible detonation. This was followed by a short but heavy fall 
of rain. Afterwards lightnings continued ; but,” adds Deluc, 

I heard no more thunder^^ 

The following passage is taken from the Meteorological 
Observations and Essays of John Dalton : — 

Kendal, August 15. 1791, between eight and nine in ,the 
evening. I do not remember that I ever saw at Kendal so 
much lightning in so short a time. Some thunder was heard, 
but distant.” 


CHAP. XV. 

IS THUNDER EVER HEARD IN I'EKFECTLY CLEAR WEATHER? 

Seneca affirms that " thunder sometimes mutters when the 
sky is without clouds.” {Queest Nat lib. i. § J.) 
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Anaximander must also have believed in the reality of thjis 
phenomenon as he had sought to discover its cause. (Quisst 
JVat. lih ii. § 18.) 

Lucretius, on the contrary, said unhesitatingly, Where the 
sky is serene the noise is not heard’’ j(lib. vi. 1. 98.); and 
further on, Thunder and lightning are only engendered 
amidst thick clouds piled one above another to immense 
heights, not under a sky perfectly serene or merely thinly 
veiled.” 

Suetonius relates, that towards the end of the reign of the 
emperor Titus a clap of thunder was heard with a perfectly 
clear sky. 

In Eginhard’s Life of Charlemagne ” a luminous meteor is 
said to have struck and overthrown the horse on which the 
Emperor was riding, the sky being serene. 

Senebier speaks of thunder on serene days as of a recognised 
fact : unfortunately he does not say whether his conviction rests 
on theoretical considerations or on direct observation. {Journal 
de Phys.^ tome xxx. p. 245.) 

Volney is more explicit. On the 13th of July, 1788, at six 
in the morning, the shy being without clouds^ at Pontchartrain, 
8| geographical miles from New Orleans, he heard four or five 
thunderclaps. It was not until a quarter after seven that a 
cloud appeared in the south-west. In a few minutes the entire 
sky was covered with clouds, and soon hail fell as large as a 
man’s fist. {Du Climat des Etats- Unis.) 

We shall be in danger of falling into error, if we were to seek 
for Instances of serene days accompanied by thunder in countries 
subject to great earthquakes. The latter phenomena are often 
preceded by long subterranean noises, partly resembling thunder, 
which by an acoustic illusion which has not yet been satisfac- 
torily explained, seem as if they had their seat in the atmo- 
sphere. This is why I have not cited the dreadful thundering 
sounds heard in the finest weather, a century ago, at Santa 
de Bogota, and in commemoration of which an annual mass, 
called missa del ruido^ is celebrated in the cathedral of 
that city. 
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CHAP. XVL 

THUNDERBOLTS DEVELOP BY THEIR ACTION, IN THE PLACES WHERE 

THE EXPLOSION TAKES PLACE, OFTEN SMOKE AND ALMOST ALWAYS 

A STRONG ODOUR, WHICH HAS BEEN COMPARED TO THAT OF BURNING 

SULPHUR. 

If I were to attempt to cite all the cases in which the sul- 
phureous odour has manifested itself, I should have to make 
almost a complete catalogue of the thunderbolts of wliich the 
effects in closed apartments have been traced a short time after 
the explosion ; I shall therefore confine myself to a few ex- 
amples, and will cite, in the first instance, cases in which the 
odour developed has been so powerful as to be perceived in 
the open air. 

Wafer, Damjiier’s surgeon, relates that in crossing the isthmus 
of Darien, the falls of rain which he experienced were accom- 
panied by furious thunder and lightnings, and that at such 
times the air was infected with a sulphureous smell, strong 
enough to take men’s breath away, especially in the midst of 
the woods. 

I read in another part of Wafer’s account: — After sunset” 
(the voyagers were about to pass the night in the open air on a 
small hill) it began to rain as if heaven and earth were coming 
together. We heard every instant terrible claps of thunder. 
The lightnings had such an intensely strong smell of sulphur 
that we were almost suflFocated.” 

In his Memoirs Jbr a General History of the Air, Boyle 
relates that at the time when he was living on the banks of the 
Lake of-Geneva, violent and frequent thunder and lightning 
impregnated the air with a very powerful sulphureous smell, 
which nearly suffocated a sentry posted on the very edge of 
the lake. 

In February, 1771, in the Isle of France, the French acade- 
mician, Le Gen til, saw* the lightning strike a spot in the 
country at a very little distance from the .balcony where he was 
standing, at the house of the Comte de Rostaing. - Four hours 
after the explosion, and although much rain had fallen, Le 
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Gentil and M. de Rostaing, happening to pass near the point 
which had been struck, found a very decided sulphureous odour. 

•Every one. may perceive why I have brought together, in the 
first place, manifestations of sulphureous odours in the open air, 
and they will therefore readily comprehend that the same reason 
applies even more strongly to the interest which would attach 
to similar effects at sea. 

When the British ship Montague^’ was struck on the 4th 
of December, 1749, by a globe of fire, accompanied by a de- 
tonation which the Master, Chalmers, compared to the noise of 
the simultaneous discharge of several hundred pieces of cannon, 
the smell of sulphur was so strong that “ the ship seemed to be 
nothing but sulphur.” At this time the Montague ” was in 
42° 48' north latitude, and 9° west longitude, or about 65 geo- 
graphical miles from the nearest land. 

On the 31st of December, 1778, at three in the afternoon, 
the East India Company’s ship Atlas” was struck by light- 
ning in the Thames. A sailor was killed In the cross-trees. 
The ship looked for an instant quite on fire, but it did not 
really receive any discoverable damage. Only a strongly sul- 
phureous smell was produced, which lasted through the rest of 
the day and the following night. 

The New York,” a packet, of 520 tons, was twice struck 
by lightning in the course of the 19th of April, 1827, in about 
38° north latitude and 61° west longitude, or when its least 
distance from land was about 328 geographical miles. 

At the first stroke, the ship being then unprovided with a 
proper lightning conductor, much damage was done ; however, 
as the lightning found on its path many pieces of metal, these 
acted in a measure as conductors, and it passed off into the sea 
without setting anything on fire. The cabins were neverthe- 
less filled with thick clouds of sulphureous smoke. 

When the second explosion came the lightning conductor 
was properly mounted. For a moment the ship blazed with 
light as the first time, but no sensible damage was don^. 
Nevertheless different parts, and especially the ladies’ cabin, 
were suddenly filled with sulphureous vapours, so thick that 
nothing could be seen through them, 

I now subjoin some curious instances of sulphureous vapours 
in houses or other buildings struck by lightning. 

On the 18th of July, 1767, lightning entered the flues of 
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six chimneys in a house in the Rue Plumet, at Paris, and left 
everywhere a suffocating smell, which powerfully affected the 
throat. 

On the 18th of February, 1770, and for a long time after the 
thunderstroke which had struck down senseless many persons 
assembled at service in the church of St Kevern, in Cornwall, 
the church was filled with an almost suffocating sulphureous 
smell. 

After the thunder-stroke which produced many serious or 
fatal accidents on the 11th of July, 1819, at Chateauncuf-les- 
Moustiers, (Basses Alpes), the church was so filled by a 
black and thick smoke, that the people had to feel their way 
across it. 

The sulphureous odour is sometimes developed even where 
no luminous phenomenon has been manifested. I think that I 
may derive this inference from the following passage extracted 
from the account given to me by M. Rihouet, of the thunder- 
stroke experienced by the ship-of-the-line, the Golymin,” in 
1812. 

In going round the ship after the accident,” said M. 
Rihouet, I was accompanied by an officer and the master 
gunner. On arriving at the' great powder .magazine, in the 
after part of the ship, I found it untouched, but when I had 
the adjoining bread-room opened, there issued from it a thick 
and black smoke and sulphureous smell, which nearly suffocated 
us, although the master gunner had opened the door only a 
very little way, and instantly reclosed it. We directly after- 
^ wards entered the place, and found to our great astonishment 
no trace of fire, but a complete overturning of its contents; 
more than twenty thousand biscuits had been tossed about 
without our being able to find any traces of the path which the 
fulminating matter must have followed to arrive at the spot.” 


CHAP. XVIL 

ON THE CHEMICAL MODIFICATIONS IN ATMOSPllKRIC AlU OCCASIONED 
BY THUIfDER AND LIGHTNING. 

After the grand and celebrated experiment in which Cavendish 
succeeded, by the aid of the electric spark, in reuniting in 
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liquid nitric acid the two gaseous elements of which the air 
which we breathe is composed, it could scarcely be doubted 
that lightning does not dart its fiery furrows across vast extents 
of atmospheric air without affecting it : many years, however, 
elapsed before a Gennan chemist,* Liebig, submitted this very 
natural idea to the test of effective experiments. 

In 1827, the Giessen Professor published the analysis of the 
residual quantities obtained by the distillation of 77 samples of 
rain water collected in porcelain vases at 77 different times. Of 
these 77 samples, 17 were of rain which had fallen during 
thunderstorms ; and these 17 all contained nitric acid in greater 
or less quantities combined with lime or ammonia. In the 
other 60 samples, collected when the rain was not accompanied 
by thunder and lightning, Liebig found only two in which there 
existed traces, (and in these, merely traces,) of nitric acid. 

We here see realised in meteorological phenomena one of the 
most brilliant results of modem chemistry. We see the sudden 
combination of azote and oxygen, effected in the experiments of 
the illustrious English chemist in closed vases, determined by 
the agency of lightning in the upper regions of the atmosphere. 
There is here a vast and important field for the experiments of 
chemists and physicists. It should be examined whether, other 
circumstances remaining the same, the quantities of nitric acid 
produced during thunderstorms vary with the seasons, and with 
the elevation, and consequently also with the temperature, of the 
clouds from which the lightning darts. It should be asked 
whether in the intertropical regions where, for months together, 
thunder and lightning prevail daily with so much force, the 
nitric acid, formed by their agency at the expense of the two 
gaseous elements of the atmosphere, may not suffice for the 
supply of those natural deposits of nitre, the existence of which, 
in certain localities where no animal matter was to be found, 
has been so difficult to explain. Possibly the course of such 
investigations might also lead to the discovery of the still un- 
known origin of some other substances, as lime, ammonia, &c., 
which Liebig has found in rain water which had fallen during 
thunderstorms. If even the only success obtained should 

* The above was first printed in 1837, prior to the experiments of 
M. Barral. The important observations of this physicist lead to modifi- 
cations in the conclusions of Liebig, to which we shall revert in tho 
sequel. 
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consist In throwing light on the natural production of nitre, It 
would be a considerable gain. There would be moreover some- 
thing particularly curious in showing that lightning or thunder- 
bolts prepare and elaborate in the upper regions of the atmosphere 
the principal clement of tliat other thunderbolt (gunpowder ), 
of which men make such prodigious use for mutual des- 
truction. 


CHAP. XVIII. 

LIGHTNING OFTEN FUSES PIECES OF METAL WHICH ARE STRUCK 

BY IT. 

§ 1 . 

This chapter might consist of very few lines if all that was re- 
quired was the establishment of the fact, that lightning fuses 
instantaneously thin metallic plates, or slender metallic threads, 
which it meets with in its course. But it is extremely im- 
portant to become acquainted with the extent of this faculty ; 
to examine what are the greatest thicknesses of such and such 
metals which have ever been melted by lightning ; in short, to 
assign to this curious phenomenon, not its possible, but its 
observed limits ; and that by extending the investigation to all 
times and countries. 

Aristotle, in his Meteorology, lib, iii, chap. 1 ,, after having 
enumerated the different kinds of lightning or thunderbolts dis- 
tinguished by the ancients, says^ in speaking of the effects of 
one kind, the copper (or literally tlie coppering) of a shield 
jas been seen to melt without the wood which it covered 
having been injured.” 

This property possessed by lightning of melting metals is also 
mentioned by Lucretius, Seneca, and Pliny. They especially cite 
iron, gold, silver, bronze, and copper. The singular comparative 
immunity remarked by Aristotle as enjoyed by wood, seems also 
to have presented Itself to the Roman philosophers, in analogous 
circumstances. Silver money,” says Seneca, is mdted 
without the purse which contained it being injured . . . the 
Bword 18 liquefied in the scabbard, which remains unhurt^ the 
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iron of the javelin flows down the wood, and the wood does not 
catch fire.” Pliny states, that gold, copper, and silver, con- 
tained in a bag, may be melted by lightning without the bag 
being burnt, and without the wax of the seal upon it being 
softened.” Lucretius speaks of the liquefaction of brass. 

Unless we could suppose the power of lightning to have been 
prodigiously weakened in the course of several centuries, we 
should have great abatements to make from the above results. 

The sword is liquefied in the scabbard I ” If by this is 
meant that a thunderstroke liquefied the entire metallic mass of 
a Homan broad-sword, modern observations present nothing 
similar. If the word liquefaction does not necessarily convey 
the idea of a general fusion, — if for its employment it sufficed 
that the blade should have presented here and there, or even 
thri^ughout its entire extent, traces of a fusion limited prin- 
cipally to the surface, — then Seneca's fact of the fusion of the 
sword, even with the singular circumstance of the scabbard 
remaining unhurt, may be confirmed by instances taken from 
the meteorological annals of our own time. 

In 1781, M. d’Aussac, and the horse on which he was riding, 
were killed by lightning, in the neighbourhood of Castres. M. 
Garipuy, of the Toulouse Academy, having after the catastrophe 
carefully examined the silver-hilted sword which M. d’Aussac 
had worn, perceived two small places in the shell ornament of 
the hilt melted; one in the upper part and the other in the 
lower. 

Evident but superficial marks of fusion at the point of the 
sword blade, extending over a length of rather more than half 
an inch. 

Fusion of the surface of the piece of iron which formed the 
end of the scabbard ; this piece was also pierced by an oblong 
hole, through which M. Garipuy could pass the flat broad blade 
of his penknife. 

Fusion of the upper edge of the sword blade at a distance of 
13 inches from the hilt; the fusion being less than 3 tenths 
of an inch by 12 hundredths of an inch, with the additional 
circumstance that opposite to the melted portion the scabbard 
was not burnt, but only perforated, the hole being about a 
tenth of an inch in diameter.” 

M. de Gautran, who was by M. d’Aiissac’s side at the moment 
of the explosion, and whose horse was also killed, had a large 
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hunting-knife (couteau cle chassc), on examining which, M. 
Garipuy ren)arked that the small silver chain which hung from 
the hilt to the guard had been melted near the guard and 
detached from it. 

That the silver which covered the hilt had been melted over a 
square surface of nearly 3 tenths of an inch, and throughout its 
whole thickness, which indeed was very inconsiderable. That the 
extremity of the blade, as well as the silver end of the scabbard, 
liad been melted opposite to each other, and that in the interval 
betAvecn these two melted portions so close to each other, tlie 
intervening leather of the scabbard had been perforated and not 
burnt.” 

Tlie reader will no doubt have remarked that M. d’Aussac’s 
sword was fused not only at its two extremities, that is to say, 
at the points at which the lightning entered and went out, J)ut 
also at the part where, according to all appearance, it divided 
itself between the horse and the rider. • 

We have here in a single event, well authenticated and well 
observed, fusion of silver, and fusion of two sword blades, without 
the scabbards having been burnt. But the fusion of the blades 
only took place over a superficial layer of small extent, and 
of which, moreover, wc have reason to believe the thickness to 
have been exceedingly small. These two circumstances, 
especially the latter, being once admitted, we have, according to 
the true principles of the propagation of heat, a perfectly simple 
ex})Ianation of the scabbards not having been much injured, and 
of their not having taken fire. A comparison may serve to 
render any explanation unnecessary. 

Any one who has brought a thin metallic thread or fine Avire 
to a red or Avhite heat, by holding it in the outer part of the 
flame of a wax candle or an Argand lamp, must have remarked 
the incredible rapidity Avitli which the wire cools down when it 
is taken out of the flame. Not a second elapses between the 
moment at which the metal emits a brilliant light, and that in 
which it is completely dark. It has, scarcely quitted the flame 
before it can be handled with impunity. This cooling, rapid as 
it is, would be even more so if the incandescent wire, instead 
of being suspended in the air, rested on a massive metallic blade 
of the ordinary temperature, which would draw away its heat 
by conduction. Now why may we not regard this wire as part 
of the greatly heated (or it may be even melted) superficial 
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layer of small extent, which, as the result of the thunderstroke, 
formed into a coating at the surface of the metallic mass ? As 
this layer cools with excessive rapidity, it is not wonderful that 
it should not ignite the leather or other analogous substance of 
which the scabbards were formed, in the case of M. d’Aussac’s 
sword, and in that of the old. Roman swords referred to by 
Pliny and Seneca. 


§ 2 . 

On the 12th of June, 1825, at Cordova, the Marquesa de 
Paralcz was thrown to the ground by ^a stroke of lightning, her 
shawl burnt, and a gold chain which she wore round her neck 
broken. Fragments of the chain were given me by M. Jose 
Mariano Vallejo who had himself been a witness of the event, 
and also a sufferer by it. I cannot perceive any distinct traces 
of fusion on the links. By what kind of action was the chain 
broken ? I cannot tell.* 


§3. 

The expressions used by Pliny and Seneca as to the fusion of 
sword blades and pieces of money were long taken according to 
the fullest sense which the words could bear. The entire sword 
blade was supposed to have been melted, and thick copper, gold, 
or silver coins were supposed to have been completely and in- 
stantaneously liquefied. Wlien this was once admitted, how could 
it be conceived that a wooden scabbard could have remained full 
of a heavy mass of incandescent iron without taking fire ; or 
that the texture of a purse could have suffered without injury 
the prolonged contact of copper, silv^er, or gold, in a state of 
fusion ? This difficulty, which appeared insurmountable, led 
Franklin to form a suj)position, very strange certainly, but 
inevitable if the premises were admitted, 2 .^., that lightning 
might have the property of effecting cold fusions ; that by its 
instantaneous action the molecules of metals might without 
any development of heat be brought to that state of mobility 
which is implied by the word liquefaction. Subsequently, 

* Silk threads gilt, when exposed to a very intense current of artificial 
electricity, present effects very suitable for the elucidation of the phenomena 
under consideration. The gold which covers the silk is volatilised without 
the threads being broken by the heat. 
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authentic observations, totally exempt from ambiguity, led him 
to recognise that his theory had been established on a false 
foundation as to fact; so true is. it that the old story of the 
tooth of gold contains a lesson by which the most eminent men 
and of the clearest understanding may still in some degree profit. 

I proceed to cite one or two observations affording moreover 
direc/^ proof that fusions effected by lightning are not cold. 

On the 16th of June, 1759, a house was struck by lightning 
in Southwark. Mr. William Mountain went immediately to 
visit it ; lie was shown the place where a bell-wire had been 
‘melted; he looked on the floor for its remains, and found them 
principally along the line vertically beneath that which the Avire 
had occupied on the ceiling. These remains consisted of very 
small globules of iron contained in cavities of the boarded floor 
evidently burnt. 

Although the aboA^e is sufficient to show that the fusion of 
the bell-wire took j)lace by heating, I subjoin a fcAV additional 
details and remarks. Among tJie globules extracted from the 
burnt depressions in the floor there Avere different sizes. The 
smallest pieces, having been completely fused, Averc perfectly 
spherical in shape, and the larger pieces deviated more and 
more from sphericity as their diameters Averc greater. The fall 
of all these burning particles explains, in a very natural manner, 
Avhat Avas said by the servants Avho Avere in the apartment at 
the time, We saw it rain fire in the room 

After the explosion which struck the packet-ship Ncav York 
(Chapter xvi. p. 63), the deck was seen to have globules of iron 
scattered over it, which burnt the Avood in fifty different places, 
although torrents of rain Avere falling at the time, and hail Avas 
heaped up to a thickness of two or three inches. 


§4. 

Two facts have sufficed to shoAV that lightning, like ordinary 
fire, fuses metals by heating them. We have noAv, as I before 
announced, to seek for the greatest effects of this kind Avhich 
have ever been produced. Citations ought to abound on this 
subject, but unfortunately the little precision usually employed 
in accounts and descriptions of damage by lightning, reduces 
us, Avhere we might have hoped for a rich liarvest, to a mere 
gleaning. 
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I find in the Philosophical Transactions that, according to the 
account of Captain Dibden, in a chapel in Martinique struck by 
lightning in 1759, an iron bar of 25 millimetres, or nearly an 
inch, square, which was built into the wall, was/educed from its 
original size to that of a very thin wire. 

If this diminution of the diameter of the bar was really 
caused by fusion, which is by no means certain, this fact would 
perhaps occupy the foremost rank among all those of the same 
kind which modern meteorology has been able to collect. 

§5. 

When the packet-ship New York, which has been already 
spoken of, received its second thunderstroke (19th April, 
1827), there was at the mainmast head an iron rod, 1*2 metre 
(nearly 4 feet) long, 11 millimetres (or 0*43 of an inch) thick 
at its base, and terminating at its opposite extremity in a very 
sharp point. 

The upper portion of this rod melted by the thunderstroke 
formed a cone of 11*8 inches long, and 0*24 inch diameter at 
the base. To the base of the rod was attached a flexible iron 
chain, like a Gunter’s or measuring chain, consisting of links 
united by hooks at either extremity, and formed of iron 0*23 
of an inch in diameter ; the links being each about a foot and 
a half in length. 

This chain was carried obliquely from the mast-head into the 
sea. Its length was certainly upwards of 130 feet. After the 
thunderstroke not more than three feet of it in all remained. 
About three inches were still attached to the base of the upper 
metallic rod, and there were found on the deck only two hooks 
with their intermediate ring quite puifed out and distorted, and 
a small fragment of chain. By referring to a preceding page 
in § 3. of this chapter, it will be seen why we are authorised 
in assuming that by far the greater part of the chain had been 
actually melted, and not merely broken and driven into the 
sea. 

We conclude, therefore, that a thunderstroke may fuse, com- 
pletely and throughout its extent, an iron chain of 130 feet in 
length, communicating with the sea by one of its extremities ; 
the diameter of the iron forming the links being 0*23 of an 
inch. 
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§ 6 . 

Franklin^ in 1787 ^ found that a stroke of lightning had 
melted, at his own house in Philadelphia, a conical copper rod 
inches long, and rather more than 3-tenths of an inch thick 
at its base. 

This rod surmounted a tliick iron bar, which was carried from 
the roof into the damp earth. 

In 1754, Franklin liad himself the opportunity of examining 
the effects of the violent thunderstroke which broke and dis- 
persed in every direction the pyramid of timber, 69 feet high, 
which formed the steeple of the belfry tower, also built of 
timber, of the town of Newbury in the United States. After 
producing this extensive damage, the lightning, on arriving at 
the upper part of the square tower, followed an iron wire which 
connected the clapper of the bell with the wheel-work of the 
belfry situated much lower down. 

The wire, which was of the thickness of a knitting needle, 
and nearly twenty feet long, had disappeared, with the excep- 
tion of a piece under two inches in length, which after the acci- 
dent still hung from the hammer of the bell, and another piece 
of the same length which was found attached to the clock-work. 
The place where the wire had passed along the plastered walls 
and the ceilings of two stories in the tower, was marked by a 
black furrow similar to that left by a train of i)owder after it 
has exploded. This kind of black pigment was no doubt com- 
posed of the substance of the wire reduced to imj^alpablc 
molecules. 


§7. 

The first stroke sustained by the New York on the 19th of 
April, 1827, during its passage from America to Liverpool, 
melted a leaden pipe of rather more than three inches diameter 
and half an inch thickness, which comniunicated from the quarter 
gallery to the sea, through the sides of the ship. 


§ 8 . 

Nature rarely proceeds per saltum : by the side of each effect 
there is always another of the same kind but a little less in 
degree, so that the ^ansition between the least and the greatest 
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takes place without breach of continuity. Imagine the thun- 
derstroke which melted a particular metallic bar to be weakened, 
and the bar will no longer be melted^ but will only be made 
to pass to that stage of incandescence and softness which would 
permit a blacksmith to weld it to another bar similarly prc- 
jjared. Let the thunderstroke be weakened a degree further, 
and the bar will only undergo a certain amount of heating. 
One or two citations may serve to show that this is not an idle 
speculation. 

On the 20th of -April, 1807, lightning struck the windmill 
of Great Marton in Lancashire. A large iron chain used for 
drawing up the corn must have been, if not melted, at least 
considerably softened. The links being drawn downwards by 
the weight below them, were cemented to each other, and so 
firmly united that after the thunderstroke the chain was found 
to have become a solid bar. 

The phenomenon observed at Great Marton was again pre- 
sented, in June, 1829, at the Windmill of Toothill, in Essex, 
A\here in the same manner, after a violent thunderstroke, the 
links of the chain used for drawing up the corn-sacks were 
found cemented together, 


§ 9 . 

On the 5th of April, 1807, lightning fell on tlie house of the 
forester of the wood of Vezinet, between Paris and St. Ger 
main. After the event, a key was found to be cemented by its 
ring or handle to the nail on which it had been hung a short 
time before. 


§ 10 . 

In March, 1772, lightning struck one of the four iron rods 
which rise above the highest point of the dome of St. Paul’s in 
London. It was intended that by means of different interme- 
diate pieces of metal, these rods should always be in immediate 
connection wth large metallic rain-pipes descending to the 
earth. One of these communications was, however, slightly 
interrupted, and immediately adjacent to this want of perfect 
continuity of conduction, Messrs. Wilson and Delaval remarked 
effects which warranted than in believing that an iron bar four 
inches broad and half an inch thick had been rendered red 
hot by the action of the lightning. ^ 
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§ 11 . 

For the object which I have in view it is not sufficient to 
have assigned the thicknesses of different pieces of metal which 
have been fused by lightning ; the determination of thicknesses 
which have resisted its action will be no less useful. 

There was in the town of Cremona a high tower surmounted 
by a weathercock which was struck by lightning in August, 
1777. The rod of the weathercock passed through a marble 
pedestal ; and the marble round the rod was shivered to pieces, 
and tlie fragments scattered in all directions. The heavy mass 
of the weathercock itself was thrown to a distance of twenty 
feet from the tower; it was also perforated. From these various 
circumstances we are entitled to consider tlie stroke to have 
been among the most violent which occur in our climates. 
Well, then we have to remai’k, that the rod of the weathercock, 
which was 0*47 of an inch thick, was broken, but showed no 
trace whatsoever of fusion. 


§ 12 . 

On the 12th of July, 1770, a thunderbolt fell on the house of 
Mr. Joseph Mouldc, at Philadelphia. Captain Falconer, who 
was in the house, says that the explosion was of prodigious 
intensity. Even if Ave had not had this statement, the great 
intensity of the stroke might have been inferred from six 
inches of a copper rod which rose from the roof (diameter un- 
known) having been fused. From this copper rod the light- 
ning passed into a round iron rod of half an inch diameter, 
which was brought down the building and entered to the depth 
of nearly six feet into the earth. The iron rod was neither melted 
nor in any Avay injured. 


§ 13. 

The violent thunderstroke, cited in § 6. of the^^resent chap- 
ter, as having overthrown and scattered the timber pyramid 
surmounting the tower at Newbury, was propagated along the 
iron rod of the clock pendulum without melting it, this rod not 
being thicker than a good sized goosequill. 

The inference which may be derived from this observation, 
in regard to the fac^^lty Avhich rather thin metallic rods possess 
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of transmitting very violent discharges, would be somewhat 
equivocal and open to discussion, if we were not able to show 
that the thunderbolt, the power of which on its striking the 
steeple at Newbury was abundantly evidenced by the extensive 
damage which it occasioned, still retained considerable force on 
its arrival at the pendulum rod: proofs of this are not want- 
ing. On quitting the pendulum rod, the lightning in its de- 
scending march damaged the tower in several places. Stones 
were even torn from the foundation and projected to a height of 
six or seven and twenty feet. 


§ 14. 

While Captain Cook was in the harbour of Batavia, his ship 
was struck by lightning with such force that the shock was 
compared to that of an earthquake. No appreciable damage 
Avas done, however, in any part of the ship ; only a copper wire 
two-tenths of an inch in diameter, which extended from the 
summit of the main-mast to the sea, appeared for a moment to 
be on fire. 


CHAP. XIX. 

LIGHTNING CONTRACTS OR SHORTENS METALLIC AVIRES THROUGH 
AVIIICH IT PASSES AVIIEN ITS POWER IS NOT SUFFICIENT TO FUSE 
THEM. 

It is probable that this singular contraction is produced Avhen- 
ever the lightning is not sufficiently powerful to fuse the 
metallic wire through which it passes, I am, however, only 
aware of one perfectly authenticated fact of this kind. It is 
due to the celebrated English Instrument Maker, Nairne, 

On the 18th of June, 1782, lightning entered the house of 
Mr. Parker, at Stoke Newington. Different indications mani- 
fested that it had first passed down the vertical pipe on the 
outside of the house through which the rain-water from the 
roof Avas conveyed, and that it afterAvards entered a bed-room, 
Avhere it ran along the Avire. communicating bctiveen the bed and 
the door, for the purpose of enabling a person in bed to raise or 
lower at pleasure a drop-bolt affixed to the door of the room. 
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Tins wire was uninjured, and the positions occupied before and 
after the event by a ring at one of its two extremities, showed that 
in passing along about 16^ feet of wire the lightning had had 
the effect of shortening or contracting it two or three inches. 

This contraction being proved, even in a single case, affords 
a simple explanation of how it hajipcns that metallic wires 
stretched between fixed or nearly fixed points, are often broken 
by lightning strokes. 


CHAP. XX. 

LIGHTNING SOMETIMES FUSES AND INSTANTLY VITKIFIES CERTAIN 
EARTIir SUBSTANCES, 

I HAVE already, in Chapter IV. p. 14, said a few words on the 
vitreous bubbles and coatings which geologists liave observed on 
tlie most elevated rocks of Mont Blanc, the Pyrenees, and 
Toluca. I now subjoin some more precise details. 

In 1787, Saussurc found on the summit of the Dome du 
Goiite schistose masses of hornblende, covered with blackish 
bubbles and drops about the size of a grain of hempseed, and 
evidently vitreous. He was the more disposed to regard these 
bubbles as effects of lightning, because he had remai’ked similar 
ones on bricks which had been struck by lightning. 

M. Kamond, who saw the same phenomena on several sum- 
mits of the Pyrenees, did me the kindness of setting down at 
my request the following interesting notice : — 

The Pic du Midi is a mountain which stands in a great 
measure isolated, and rises high above surrounding points. Its 
summit is of very small extent; it consists of a mica schist of 
extreme hardness dividing into rather thick tablets, which adhere 
strongly to each other ; it does not break into laminHB, but into 
parallelipipedons with oblique angles, like trap. Its* colour is a 
grey black, rendered a little silvery by the presence of mica. 
The lightning acts upon it superficially only, causing a coating 

♦ “ Thunder-stones,” said the Emperor Kanglii, “ are metals, stones, or 
pebbles, which the fire of lightning has transformed by suddenly fusing 
different substances, and cementing them together, so that they cannot be 
Separated. In some of these stones we can clearly perceive a kind of 
vitrification.’^ (Mem, des Missiomircs, tome iv.) 
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of yellowish enamel, or glaze, on which there are blisters or 
bubbles ; these latter are sometimes spherical, sometimes, from 
the convexity having hurst, concave; they are usually opaque, 
but #ometimes semi-transparent. There are rocks wliose entire 
face is varnished or glazed by this kind of enamel, and covered 
with bubbles often of the size of a pea ; but the interior of the 
rock remains perfectly unchanged, the fused part not being 
more than four hundredths of an inch thick. 

The summit of the Mont Perdu, which I reached twenty 
years ago, presented to me the same phenomenon. It is almost 
entirely covered with snow, and does not, like the Pic du Midi, 
offer continuous surfaces of rocks, but only small fragments 
heaped together without order. These consist of a calcareous 
stone, bituminous and fetid, but containing a large intennixed 
portion of exceedingly fine qiiartzose sand. Many of these 
fragments bear evident marks of lightning. Their surface is 
loaded with bubbles of yellow enamel ; and, as on the Pic du 
Midi, the fusion is only superficial, and does not penetrate to 
the interior of the stones notwithstanding their small size ; and, 
wliat is not less remarkable, the heat, which has been sufficient 
to vitrify the surface, has not taken from the stone that cadave- 
rous odour, from which we can so easily free it either by dis- 
solving it In an acid or by heating it a little strongly. 

Lastly, at the Roche SanadoiVc, a mountain in the Departe- 
ment du Puy-dc-D6nie, composed of clinkstone porphyry, and 
which I believe to be of volcanic origin, I saw, twelve years 
ago, the surface of the rocks vitrified and covered with bubbles 
from the action of lightning. Here also the fusion is super- 
ficial, and shows itself by bubbles and blisters in a glaze of very 
small thickness.” 

Messrs, de Humboldt and dc Bonpland having ascended the 
highest summit of Toluca (to the west of the city of Mexico), 
found the surface of the rock called el Frayl^^ vitrified. The 
rock is a red trachytic porphyry containing large crystals of 
lamellar feldspar, and a little hornblende. The vitrified part 
was about 6 feet square. The olive-green coating was only 
about *004 of an inch thick, and resembled that of some aerolites. 
There were cavities in several parts of the rock, and the inside 
of these holes presented the same vitreous crust. The place 
where the illustrious travellers discovered these masses, is a 
kind of rocky tower, only nine or ten feet wide, which rises 
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perpendicularly above the ancient crater of the volcano of To- 
luca, now full of water. 


§ 2 . 

Saussure, Ramond, and Humboldt have all considered the 
bubbles and vitreous coatings of the Alps, the Pyrenees, and 
the Cordilleras to be without doubt the effects of lightning; but 
this opinion is not the result of direct observation ; they arrived 
at it by the method of exclusion, and adopted it because no 
other explanation appeared to satisfy the circumstances of the 
phenomena. I pass, therefore, to facts in which there can be 
nothing equivocal. 

On the 3rd of July, 1725, at Mixbury,in Northamptonshire, 
in the open country, the lightning fell on a flock of sheep, and 
killed the shepherd and five sheep. Near the shepherd’s feet there 
were remarked two holes in the ground of three or four inclics 
diameter, and about three feet deep. The Rev. Dr. Joseph 
Wassc examined these holes, by careful digging on every side 
of them, and found that tliey were cylindrical for half their 
depth. They tlien became narrower, and still lower down each 
of them forked into two branches. In the direction of one of 
these branches there was found a very hard stone about a quar- 
ter of a yard long, five or six inches wide, and four inches thick. 
This stone was divided in two by a recent crack, and its surface 
was vitrified. 


§ 3. 

In 1750, the tower of the Asinclli, at Bologna, was struck 
and injured by lightning. On carefully examining a brick 
which had more particularly received the stroke, Beccaria re- 
marked that the very thin layer of mortar (sand and lime) 
which adhered to one of the faces of the brick had been com- 
pletely vitrified over a space of three inches long, and an ave- 
rage breadth of seven-tenths of an inch. The vitreous layer 
was greenish, and very transparent. 

§4. 

On the 3d of September, 1789, lightning struck an oak in 
Lord AyJesford’s park, and killed a man who had sought shelter 
under its branches. The stick which the poor man carried in 
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his hand/ and on which he appeared to have been leaning, seems 
to have been the channel or path principally followed by the 
lightning, for the ground at the spot on which the end of the 
stick rested was pierced by a perforation five inches deep, and 
two and a half inches in diameter. This perforation, which was 
examined only a few minutes after its formation by Dr. Wither- 
ing, contained only some burnt roots of grass. This would 
probably have been all that would have been observed, if Lord 
Aylesford had not determined to have a little pyramid built on 
the spot where the fatal event had occurred, with an inscription 
upon it, warning passers by not to seek shelter under a tree 
during a thunderstorm. In digging for the foundation, it was 
found that the soil had been blackened in the direction of the 
perforation to a depth of about ten inches ; 4wo inches lower 
down the quartzosc soil presented evident traces of fusion. 
The specimens sent to the Royal Society of London, with Dr. 
Withering’s memoir, consisted of : 

1st. A quartzosc stone, one of the corners of which had been 
completely fused. 

2nd. A block of sand agglutinated by the action of heat, for 
there was no calcareous matter among the grains. There was 
in this mass a hollow part where the fusion had been so perfect 
that the quartzosc matter, after having flowed along the cavity, 
presented at the bottom of it a globular appearance. 

3rd. Smaller pieces, all having some hollow part.’' 


CHAP. XXL 

LIGHTNING TUBES, OR FULGURITES. 

TMy readers must now have become so familiar with the idea of 
fusions and vitrifications instantaneously effected by lightning, 
as to be quite prepared for the curious question, which has 
formed the subject of much animated debate, respecting lightning 
tubes, or fulgurites. 

Lightning tubes had been discovered more than a century 
ago (1711) by the Pastor Herman, at Massel, in Silesia, as is 
proved by specimens preserved in the Mineralogical Cbllection 
of Dresden. It is to Dr. Hentzen that belongs the honour of 
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having rediscovered them in 1805^ in the Lande, or sand plain 
of Paderborn^ cominonly called the Senne/^ and of having 
been the first to point out their origin. Since then they have 
been found in great numbers at Pillau, near Konigsberg; at 
Nictleben, near Halle, on the Saiile ; at Drigg in Cumberland ; 
in the sandy country at the foot of the Regenstein, near 
. Blankenburg ; and in the sands near Bahia, in Brazil. 

At Drigg the tubes have been found amidst mounds of moving 
sand more than forty feet high, very near the sea. In the 
Senne they have been most often found on the sides of sand 
hills, which are about thirty feet high, and sometimes also in 
cavities which look as if they had been sunk artificially, and are 
about 200 or 230 feet in circumference, and 13 to 16 feet deep. 
At Nietleben, tlie tube dug out by Mr. Kaserstein was about 
half way down the south-east side of a sand hill. 

Fulgurites are almost always hollow. At Drigg their total 
or external diameter was two inches. Those of the Senne have 
at the surface of the ground oj^enings varying from two hundredths 
to six-tenths of an inch. They contract in descending, and 
often terminate in a point. The thickness of the sides varies 
from two-hundredths of an inch to an inch. 

They usually descend vertically into the sand, but they have 
often been found in oblique directions inclined at an angle of 
40 degrees with the horizon. 

Their total length sometimes exceeds thirty-three feet. 
Numerous transverse fissures divide them into fragments vary- 
ing in length from four-tentlis of an inch to five inches. The 
sand surrounding the tubes dries, and perhaps rolls away in 
course of time, and these fragments are then found on the 
surface of the ground, and arc driven about by the wind. 

Most often on digging in the sand only a single tube is 
found, but sometimes, after reaching a certain depth, the principal 
tube divides into two or three branches, each of which sends 
out smaller lateral branches from an inch to nearly a foot long. 
These last-mentioned small branches are conical, und are termi- 
nated by points which incline gradually downward. 

The inside part of lightning tubes is perfect glass, smooth, 
and very bright, like vitreous opal or hyalite. It scratches 
glass and strikes fire as a flint. 

All thfse tubes, whatever may be their forms, are surrounded 
by a crust composed of agglutinated grains of quartz. This 
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external crust is sometimes smoothly rounded, but it more often 
presents a series of asperities not unlike in a])pearance the 
rugosities on the small branches of the Dutch elni^ or the 
crevfusscd hark on the lower part of the trunks of old birches. 
The irregularities of the internal vitreous channel corrc'^pond 
with those of tlie external surface ; it is as if during tlie fusion 
the whole tube had been crumpled in different directions. 

When examined with a magnifying glass, the black and wlilte 
grains which compose the outer crust of the fulgurites appear 
rounded, as if they had experienced a commencement of fusion. 
At a certain distance from the centre the ^\hite grains acquire a 
reddish tinge. 

The colour of the internal mass, and especially that of the 
external parts, dej)cnds on the nature of the layers of sand 
traversed by the tubes. In the upper layers, containing a little 
vegetable soil, the outside of the tubes is often blackish ; 
lower down they are of a yellowish grey; lower still, of a 
greyish white; and lastly, where the sand is and white, 
the tubes are also almost perfectly white. 

What is the origin of these tubes? Arc they incrustations 
formed around roots which have disappeared? Are they 
stalactites, or other productions of the mineral kingdom ? Are 
they cells or dwellings belonging to ancient inhabitants of the 
sea, of the class of worms? Or lastly, arc they products of 
lightning ? 

These four different suppositions have been put forwfird. 
The three first may be disposed of by a single remark.' 

At Drigg, where the mounds of sand arc continually liable 
to displacement by the action of the winds, the t\ibes must have 
been of recent date, for unless supported on all sides they 
break with the slightest shock. 

As regards the fourth supposition, let us see whether the 
indications of fusion which the tubes present throughout their 
whole extent, preserve merely the vague character of indications, 
or whether the^equlre that of decisive proofs when submitted 
to the test of minute experiment. 

At Drigg the sand in which the tubes were discovered consists 
of white or reddish grains of quartz mixed with some grains of 
hornstone porphyry. The latter, when presented alone to the 
blowpipe, arc easily fused, but they arc not in sufficient 
quantity in the sand to act as a flux. 

G 
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A quantity of the sand taken generally, and treated in the 
same way, first becomes red, then passes into an opaque white, 
and ends by being slightly agglutinated ; it then resembles, both 
in tint and cohesion, the outside* layer of the fulgurites, or 
lightning tubes. 

The same sand being exposed to the flame #f a spirit-lamp, 
heightened by a ciirrcnt of oxygen gas according to Dr. 
Marcet’s metliod, and the action kept up for some time, gave an 
enamel analogous to that which clotlics the inside of the tubes. 
The fusion was however imperfect, and yet we know that Dr. 
Marcct’s himp fuses thick platinum wire Avith a vivid scintilla- 
tion. Analogous experiments made with tlic sand of the Senne 
gave the vsamc results. 

At a certain distance from the centre of the fulgurites the 
sand of the crust became, as was said above, of a reddish tinge. 
Thrown into hydrochloric acid, the red sand parted with its 
colour, and became like the sand taken from those layers where 
it is Avhitest and most pure. The liquor having been poured 
off’ and submitted to alkaline rc-agciits, traces of iron were 
manifested. 

The ordinary sand of the Senne, after having been exposed 
for some moments to strong heat in a platinum crucible, became 
reddish, and then much resembled that Avhich surrounds the 
tubes, Avith only the difference of being a little redder. When 
the crucible had attained red heat the resemblance became 
perfect. 

The sand thus reddened in the platinum crucible being sub- 
jected to the action of hydrochloric acid, parted Avilh its colour, 
just as docs the reddish sand of a fulgurite tube : the liquor poured 
off presented the same traces of iron, and, after the iron had 
been completely precipitated, traces of lime. 

What then remains yet Avanting for a full recognition that 
fidguritcs originate in the action of lightning? One thing 
more only is Avanting, i. c., the discovery of one of these tubes 
at the very spot in the sandy region towards AvUch the lightning 
should have been seen to direct itself. Even this proof can be 
supplied. 

Dr. Fiedler, Avho has published in Germany Memoirs 
containing detailed investigations concerning fulgurites 
rolircy lightning tubes), reports (though indeed simply on hear- 
say) the two following facts : — 
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A druggist of the colony of Frederichsdorf, on visiting the 
place where two men had just been struck by lightning, dis- 
covered in the ground two tubes quite similar to those of the 
Senne. 

On the borders of Holland, in a district consisting entirely of 
sand, a shepherd having seen lightning strike a particular sand- 
hill, found that at the very spot towards which the flash had 
appeared to him to be directed, the sand had been melted and 
had run into the form of a tube. 

Lastly, we have a fact which disposes of every difficulty. 

On the 17 til of July, 1823, lightning struck a birch tree 
near the village of Rauschen (in the province of Sainland, near 
the Baltic), and at the same time set fire to a juniper bush. 
Several persons, who hastened to the spot from the villager, saw near 
the tree two narrow and deep holes, one of which, notwithstanding 
the rain, felt warm to the touch. Professor Hagen of Kdnisberg 
caused the holes to be carefully dug round. The first, which 
was the one which had been found to be warm, presented 
nothing particular, nor did the second offer anything remarkable 
for upwards of a foot in depth ; but a little below this a vitrified 
tube commenced. The fragility of the tube, the necessary 
result of the extreme tliinncss of its walls, rendered it impossible 
to extract it otherwise than in small fragments, from about an 
inch and a half to two inches long. The interior vitreous surface 
was very shining, of a pearl grey colour, and S 2 )eckled throughout 
its whole extent with black ])oints. 

After this instance, in which, as Mr. Hagen has said, Nature 
was taken in the fact,” no one can doubt that lightning can 
make a way for itself through sand, can bring that substance in 
an instant to the state of fusion, and give to it, throughout the 
great length of thirty or forty feet, the form of a hollow tube 
vitrified on the inside. 

* I know not if I am right in the view, but it seems to me that a fact 
recorded by Bay I# in his works is even more extraordinary than all the 
phenomena of fusion and instantaneous vitrification which I have been 
speaking of. The following is the story : — 

“ Two large drinking glasses, exactly alike, stood side by side on a table. 
Lightning entered the apartment and appeared to dart so^direotly to the 
glasses that it seemed as if it must have passed between them. Neither of 
them, however, was broken. In one, Bayle noticed a very slight alteration of 
form, but the otlier had been so much bent (which necessarily implies soften- 
ing), that it could hardly stand upright on its base,’* 
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CHAP. XXIL 

LIGHTNING SOMETIMES PIERCES WITH SEVERAL IfOLES BODIES WHICH 
ARE STRUCK BY IT. 

In the autumn of 1778 lightning fell on the house of the 
Engineer Caselli, at Alexandria. The only ap])reciable damage 
which it caused was in the glass of a window, the panes of 
which were pierced by one, two, or three holes of nearly two- 
tenths of an inch diameter. The glass Avas starred round the 
holes, but none of the panes Avere cracked from side to side. 

In Atigust 1777, liglitning struck the Parish Church of tlic 
Holy Sepulchre at Cremona, broke the iron cross on its sum- 
mit, and tlircAV to a distance the Aveatlicrcock (of tinned copper, 
and covered Avith a coat of oil paint), Avliich had been placed 
immediately below the . cross. 

The weathercock v as pierced by eighteen holes ; the edges 
of nine of these holes stood out prominently on one of the faces 
of the Aveathercock ; and the edges of the other nine IiqIos Avere 
equally prominent on the opposite side. 

There Avere no indications Avhich led tlie inhabitants of Cre- 
mona to suppose that the Aveathercock had received several 
strokes of lightning. If, hoAvever, avc were to have recourse to 
the supposition of repeated strokes, in order to explain the 
multiplicity of holes, the oi)posite j)romlnences of their edges 
Avould oblige us to admit nine strokes in one direction, and 
exactly the same number in the opposite direction. The parti- 
cular manner in Avhich the holes are grouped Avould require 
that by a singidar chance the strokes coming from opposite 
directions should have struck, in pairs, nearly contiguous parts 
of the metal ; and, lastly, the nearly identical inclination of all 
the projecting edges Avould no less imperatively require that 
the eighteen strokes should have been parallel.* 

Unless I am much mistaken, the improbability of the con- 
currence of all these conditions Avould lead all persons to agree 
Avith the opinion adopted ’by the physicist to whom the first 
description of the phenomenon is due, viz. the belief that the 
eighteen holes found in the Cremona Aveathercock were the 
result of a single stroke of lightning. 
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On the 3rd of July, 1821, lightning struck a house situated 
near tlie Protestant Church of St. Gervais at Geneva. On a 
minute examination of the effects produced by it, the Editors 
of the Bibliotheque Universelle perceived several holes, bearing 
evident marks of recent fusion, in the sheets of tin laid over the 
great beam from which the roof sloped. The most remarkable 
effect of the kind was that which had been produced on a new 
tin sheet, placed round the lower part of a chimney where it 
issued from the roof, and again bent so as to cover part of the 
slope of the same roof. This sheet was perforated in two 
j)laces, the holes being almost circular, Avith diameters of about 
an inch (1'18), their centres being five inches (5*1) distant 
from each other ; the edges of the tin, round tliesc holes, Averc 
turned in one direction in one, and in the opposite direction 
in the otlicr, both in a very decided manner. 

On the subject of holes Avdth oj)posite edges produced by 
lightning, I find in the Glornale of Pietro Confiliachi and 
Gaspare Brugnatelli (1827, p. 335.) an observation of Doctor 
Fusinieri, Avliich is, I tliiiik, especially remarkable on account 
of the circumstance that the holes Avith turned back edges 
appear not to have been formed at the jioint Avhere the lightning 
first struck. The following is the translation of the Avords of 
the Italian physicist : — 

On the 25th of June, 1827, about eight in the evening, 
lightning struck the house No. 1349 at Vicenza. The tin 
horizontal gutter running along under the eaves to receive the 
rain, Avas first struck, and suffered a rent of four or five inches. 
A vertical tube running from it to carry off the rain Avas 
pierced with’ three holes. The upper one, an inch in <liameter, 
had no turning back of the edges, cither inAvards or outwards. 
Six and a half inches loAver doAvn, there Avas a nearly circular 
hole Avith edges turned iuAvards, and, three inches lower still, 
another hole of the same size as the last, and having the edges 
turning back on the outside.” 
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CHAP. XXIII. 

TRANSrOKT OF BODIES OCCASIONED BiT LIGHTNING. 

The phenomena in whicli masses sometimes of considerable 
weight are removed to notable distances, arc well deserving 
of being studied. I will cite some instances. 

In the night between the 14th and 15th of April 1718, a stroke 
of lightning blew off the roof, and overturned the walls of the 
church of Gouesnon, near Brest, as a mine of gunpowder would 
have done. Stones were thrown in all directions ; some as for 
as 167 feet. 

The stroke of lightning which at some former time struck 
the Castle of Clermont, in Beauvoisis, made a hole 25.} inches 
Avide, and 23} inches deep, in a wall, the building of which Is 
referred by general tradition to the time of Cicsar, and which, 
at any rate, was so hard that a pickaxe could scarcely make 
any impression on it. The fragments struck from the hole 
were dispersed in various directions to distances of more than 
fifty feet (52}). 

Durln<j the night between the 21st and 22nd June 1723, 
lightning struck and shattered a tree in the forest of Nemours. 
The two broken off pieces of the trunk were, one above sixteen 
feet long, and the other twenty-three feet. Four men could not 
have lifted the smaller one, yet the thunderstroke sent it to a 
distance of forty-nine or fifty feet. The second, and larger, 
was found above sixteen feet off in a direction opposite to that 
of the first ; its w'eight exceeded the power of eight men to 
move it. 

• In January, 1762, lightning struck the steeple of the church 
of Breag, in Cornwall. The south-western pinnacle of masonry 
Avas shattered into a hundred pieces, and totally demolished. 
One stone, Aveighing three cwt. was throAvn over the roof 
of the church to the southward to a distance of sixty yards. 
Another stone Avas found 400 yards from the steeple, towards 
the north, arid a third in a south-Avest direction. 

At Funzic, in Fetlar (in Scotland), about, the middle of 
the last century, a rock of mica-schist, one hundred and five 
feet long, ten feet broad, and, in some places, four feet thick. 



THUNDER AND LIGHTNING. 


87 


was in an instant torn by a flash of lightning from its bed, and 
broken into three large, and several lesser, fragments. One of 
these, twenty-six feet long, ten feet broad, and four feet thick, 
was simply turned over. The second, which was twenty-eight 
feet long, seventeen broad, and five feet in tliickness, was hurled 
across a high point to the distance of fifty yards. Another 
broken mass, about forty feet long, was thrown still farther, 
but in the same direction, quite into the sea. There were also 
many lesser fragments scattered up and down.” (Dr. Hibbert, 
from MSS. of Eev. George Low, of Fctlar, cited by Sir Charles 
Lyell in vol. I. p. 260. of his Principles of Geology.) 

On the 6th of August, 1809, at Swiiiton, about five miles 
from Manchester, lightning produced on a part of Mr. Chad- 
wick’s house, remarkable mechanical eflccts, of which I subjoin 
a description, postponing for the present the consideration of 
their exj)lanation. 

A small brick building for holding a store of coals, with its 
upper part forming a cistern, was placed \yith its back against 
one of the walls of the house ; its own walls were thirty-five 
inches thick, ten and a half feet high, and their foundations 
went down nearly a foot below the surface of the ground. 

On the 6th of August, at half-past two in the afternoon, after 
repeated discharges of distant thunder, which seemed to be 
aj)proaching, a terrible explosion was heard. It was imme- 
diately followed by torrents of rain. Sulphurous vapour sur- 
rounded the house for a few min.utcs. 

The external wall of the little building, forming the coal- 
cellar and cistern, was torn from its foundations and lifted 
bodily. Tlic explosion transported it upright, and without over- 
turning it, to some distance from its original place. One of its 
extremities had moved nine feet and the other four feet. 

The wall thus lifted and removed consisted, without counting 
the mortar, of 7000 bricks, and might Avcigh about twenty-five 
tons. 

At the time there was about a ton of coals In the cellar and 
some Avater in the cistern. (^Manchester Memoirs, vol. li. 2nd 
series.) 

M. Lials relates that during the storm Avhich burst at Cher- 
bourg in the night of the ll-12th July, 1852, lightning struck 
the mizen mast of the Patriote,” Avhich Avas in the j^ort. The 
mast Avas split for a length of eighty feet, and several fragments 
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were thrown to a great distance. The force of projection was 
such that a piece 6^ feet long, nearly 8 inches square at the 
thickest end, and the other extremity pointed, staved an oak 
tiihber jdanking more tlian an inch thick, situated 262^ feet 
distant. It entered the planking by the thick end, nearly half 
its length went through, and it was stopi)ed by a knot in the 
timber. 


CHAP. XXIV. 

JIAGNETIC ACTION OF LIGHTNING. 

Lightning in passing near the needle of a compass affects^ 
and sometimes altogether destroys, its magnetism, and some- 
times inverts its magnetic poles. Under similar circumstances 
it may convert iritomiagnets of more or less strength bars of 
steel Avliich previously showed no traces of magnetism. 

Tliese properties of lightning are undoubtedly very curious. 
]My readers will not, I think, be sorry to learn how they were 
discovered ; and they will also wish to know whether the re- 
versal of the poles of compass needles is a very rare pheno- 
menon. The following citations will convey the desired infor- 
mation on both these points. 

About the year 1675, two English vessels were sailing In 
company from London to Barbadoes. Not far from the Ber- 
mudas a thunderstroke shattered the mast and rent the sails of 
one of the ships while the other sustained no damage. The 
captain of the latter, seeing that his consort had altered her 
course, as if making for England, asked the cause of this sudden 
* change of purpose, and found, much to his astonishment, that 
her captain and crew believed themselves to be still following 
the same course as before. An attentive examination of the 
compasses of the vessel which liad been struck by lightning 
showed that the characteristic mark on the compass cards, 
which, before the stroke, j^ointed, as is usual, towards the north, 
now pointed on the contrary to the south, showing that the 
poles had been completely reversed by the lightning. This 
state of the compasses continued throughout the remainder of 
the voyage. 
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Boyle relates that in the month of July, 1681, the ship 

Albemarle,” being then about a hundred leagues from Cape 
Cod, Avas struck by lightning. Much damage was done to the 
masts, sails, &c. When night came, and the stars appeared, 
every one perceived by them that of the three compasses on 
board, two, instead of pointing north as before, pointed south, 
and that in the third compass the mark formerly indicating north 
now pointed to the west. 

A lightning stroke took place on the English ship Dover,” 
Captain Waddel, on the 9th of January, 1748, in 47® 30' N. 
latitude, and 22® 15' W. longitude from Greenwich, The 
mainmast, deck, cabins, and some parts of the planking, suf- 
fered more or less. The poles of the needles of the four 
compasses on board were reversed ; the north end had become 
the south, and vice versa. 

Some years ago a ^stroke of lightning destroyed the mag- 
netism of four compasses on board the brig Medusa” during 
its passage from La Guayra to Liverpool. Of these four in- 
struments two were on deck and two in the captain’s cabin. 
(^Sillunaii, vol. xil. 1827.) 

The* thunderslrokc Avhich has been already repeatedly men- 
tioned as having fallen on the packet ship ^^New York,” in 
1827, had the effect of cither greatly lessening, or actually 
destroying, the magnetism of the needles of the four compasses 
on board. 

The reversal of the poles of compass needles by the influence 
of lightning must be an occurrence more frequent than phy- 
sicists imagine. In the short interval, 1808 to T 809, I was 
myself almost ah eye-witness of two events of this kind. Thg 
first occurred on board the French corvette La Baleine,” 
which I saw enter the harbour of Palma, at Majorca; the 
second case was that of a Genoese ship which was wrecked on 
the coast at some distance from Algiers, having come on shore 
while the captain, deceived by the anomalies which lightning 
had' caused in the compasses, thought himself sailing towards 
the north. 

In the instance of the Albemarle^” Boyle’s account, of which 
I have availed myself, mentions a compass-nccdlc, which after a 
thunder-stroke pointed to the west. Nautical journals cite cases 
in which, by the influence of lightning, the needles have been 
permanently turned towards the N.N.W., N.\V., or S.W., 
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&C. & 0 . To say the same thing in other words; lightning 
would seem to have not only the property of changing the poles 
of needles from north to south, and vice versa; and of effecting 
a similar change from north or south, to east or west, but also 
of making all intermediate alterations; so that the change 
would not necessarily be of 180° or of 90°, but might have any 
value, from 0° to 180°. 

It has been, it appears to me, without any valid reason, that 
these facts have been regarded as impossible. Compass-needles 
are usually very elongated lozenges of steel ; the poles occupy- 
ing the two extremities of the greater diagonal. But with 
a little care, and suitable manipulation of the natural or artificial 
loadstones or magnets employed for magnetising the needles, 
the poles could be brought to coincide with the extremities of 
the lesser diagonal, which would then place itself approximately 
in the meridian, and the longer diagonal would thus mark thq 
east and west points. 

That which may thus be done by the use of magnetising bars 
or loadstones may also sometimes be done by lightning. The 
action of this meteor may transfer the poles from the acute to 
the obtuse angles of the lozenge, or to any other point inter- 
mediate between these two extreme positions. After such a 
change the point of the fleur-de-lis, which the artist had care- 
fully adapted to the north pole would correspond to. some other 
point; and what wonder, therefore, that its new direction should 
be, according to the amount of displacement, north-west, north- 
east, west, or east, or any intermediate point ? 

I have certainly taken the most unfavourable conditions of 
which the case could admit, by assuming the needles of sea 
compasses to have been always made of compact masses of steel 
of a certain breadth. Compass needles were formerly composed 
of two distinct steel wires, a little bent^at the middle. Being 
brought together at their ends, these wires formed the outline of 
wdiat was in those days an open or empty, instead of, as is now 
the case, a filled-up lozenge. One of the wires formed the two 
right sides, and the other wire the two left sides, of the lozenge. 
At the two extremities of the greater diagonal {i.e. at the two 
acute angles of the lozenge), there was between the two wires 
only a simple contact, or simple juxtaposition. In such a 
system there is room for the most complicated distribution of 
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magaetism, by the formation of consecutive^ points, and thus for 
all thSse varied anomalies which have been unduly ascribed to 
the mistakes of seamen. 


CHAP. XXV. 

IMrARTATION OF MAGNETISM BV THE ACTIOl^ OP LIGHTNING. 

AV E will proceed from cases in which lightning has modified the 
state of bodies previously magnetised to cases in which it has 
been itself the magnetising agent. 

In June, l7iSl, a tradesman had placed in the corner of his 
room at Wakefield a large case containing an assortment of 
knives, forks, and other steel or iron articles to be sent to the 
colonies. Lightning entered the house precisely at this angle, 
broke the box, and scattered its contents. The knives and 
forks, whether showing marks of fusion, or appearing perfectly 
uninjured, had all become strongly magnetic. 

After the Dover ’’had been struck by lightning in January, 
1748, Captain Waddel perceived that many pieces of steel and 
of iron, situated near the binnacle, had become strongly mag- 
netised. 

I have read, somewhere, a story of a stroke of lightning in a 
shoemaker’s shop in Swabia, which had the effect of so magnet- 
ising all the tools, that the poor artisan could no longer make 
use of them. He had to be constantly freeing his hammer, 
pinchers, and knife from the nails, needles, and awls, which 
were constantly getting caught by them as they lay together on 
the bench. 

AVhen the New York ” arrived at Liverpool, in May, 1827, 
after having been twico struck by lightning. Dr. Scoresby 
found that the nails of the partitions and panncls which had 
been broken, the iron fastenings of the masts which had fiillen 
on the deck, the knives and forks which at the instant of the 
discharge were in the biscuit room, and lastly, that the steel 
points of the mathematical instruments, had become very d6- 
cidedly magnetic. 

The effects of lightning on the needles of sea-compasses have 
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often led to very serious consequences. We have stlready 
stated a case, in which, after a stroke of lightning, the crew, de- 
ceived by the false indications of their compasses, wrecked their 
ship on the very clangers from which they thought they were 
receding as fast as their sails could carry them. Lightning, by 
instantaneously magnetising the multitude of pieces of hard iron 
or steel throughout asliip may moreover create powerful centres 
of attraction ; and lienee, even without the compasses being 
themselves affected, local deviations may result, the more hurt- 
ful because on the high seas the navigator has but few means at 
his command for ascertaining their existence, and especially for 
determining their value. Nor arc these two kinds of per- 
turbations tlic only ones to be guarded against. When liglit- 
ning magnetises the different pieces of steel which enter into, 
the composition of a chronometer, and especially its balance 
wheel, a new force, that of the earth’s magnetism, becomes . 
superadded to those which originally regulated the march of 
these admirable but very delicate pieces of mechanism. This 
new force sometimes causes sensible accelerations or retar- 
dations ; and from these result, after a certain number of days’ 
navigation, very dangerous errors in the supjiosed geographical 
longitude. For example, the chronometers of the New York ” 
Averc on their arrival at Liverpool 33’*' 58® in advance of what 
they would have given if the ship had not been struck by 
lightning. 

When M. Kihouet was hurt by the lightning which struck 
the ^^Golymin ” in the night of the 21st-22nd February, 1812, 
all the steel parts of a re 2 )eating watch, which hung near his 
head, were magnetised. TAventy-seven years afterwards the 
magnetism so imj)arted still continued. 

The danger Avhich may arise to navigators from the effects of 
lightning on the inarch of their chronometers has only been re- 
marked of late years. 
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GHAP. XXVI. 

LIGHTNING IN ITS RAPID MARCH IS INFLUENCED BY ACTIONS DE- 
PENDENT ON THE TERRESTRIAL BODIES NEAR WHICH IT EXPLODES. 

Nothing appears to me more suited to show that in its pro- 
digiously rapid course lightning is still governed by forces 
dependent on the nature and position of terrestrial bodies near 
which it explodes, than the account addressed to Nollct by the 
Count de Latour-Landry, in July, 1764, relative to the thunder- 
stroke which struck the church of Antrasme, near Laval. 

On the 29th of June, 1763, in the midst of a violent thunder- 
storm, lightning struck the steeple, and entered the church of 
Antrasme, where it either fused or blackened the gilding of 
picture frames, and of decorations round certain niches ; it left 
blackened and half buimt the small pewter-flasks intended to 
hold the wine for the celebration of the mass, lyhich stood at the 
top of a small cupboard; and, lastly, it opened two deep holes, 
as regular as if they had been drilled with an augur, in the 
credence table painted to resemble marble, in a niche of sgft 
stone. 

All these injuries were repaired, the places where the gilding 
was damaged were regilt; the holes were plugged, and tlxe 
painting restored. In the following year, on the 20th of June, 
1 764, lightning again struck the same steeple, and entered the 
church, where it blackened the same gildings as in 1763, and 
no more, melted exactly where it had melted before, blackened 
and burnt the two same pewter flasks as the year before, and, 
lastly, the two holes which had been stopped and painted, had 
the plugs driven out of them. 

Those who will take the trouble of reflecting upon the thou- 
ssinds of combinations which might have caused the paths of the 
lightning to have been different in the two years, will, I imagine, 
have no hesitation in viewing, with itie, the perfect identity of 
effect as demonstrating the truth of the proposition placed at the 
head of this chapter. 

Lightning struck, at Peronne, on the 10th of September, 
1841, a room where twenty-five years before the poet Bcranger 
had narrowly escaped being killed by a stroke of lightning. 
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CHAR XXVIL 

WnEK TIIK ATMOSPHERE IS TEMPESTUOUS. THERE ARE SIMULTANEOUSLY 
GREAT PERTURJtATIONS IN THE INTERIOR OF THE EARTH AND AT THE 
SURFACE OR BELOW THE SURFACE OF WATERS. 

Davini wrote to Vallisneri that he had observed, near Modena, 
a spring whose waters were limpid in clear weather, and became 
troubled when the sky was covered. I do not know whether 
this remark has been since confirmed ; but, at any rate, Vallis- 
ncri did not throw any doubt on the subject. He added, astlie 
result of his own observations, that the sa/ses of Ziblo, Quer- 
zola, Cassola, &c., in the same Duchy of Modena, and the 
Solfaterras, announce a thunderstorm before it bursts, and even 
before it is formed, by a certain kind of ebullition, by sounds 
similar to those of thunder, and sometimes even by true fulmi- 
nating strokes. 

Toaldo cites two similar phenomena of which he had personal 
knowledge, and which I will report. 

In the Vicentine Hills, at a little distance from the parish 
church of Molvena, there is a fountain or spring wdiich the 
inhabitants call Bifoccio, because it really docs include two 
springs. When a thunderstorm is preparing, this fountain, even 
after a long drought, and even when it appears quite dried up, 
suddenly overflows its basin and fills a wide channel with 
muddy water which spreads into the neighbouring valleys. 

Before proceeding to Toaldo’s second instance, I will notice 
a fact, the analogy of which with the two last mentioned will 
be readily seen, and which leads to the same inferences. Not 
far from Perpignan (in the Departement des Pyrenees Orientales) 
an Artesian well had been bored which at first furnished an 
abundant supply of gushing water. The quantity, however, 
rapidly diminished, and this was attributed by the inhabitants 
to a choking up of the lower part of the hole, I should almost 
say to the formation of an earthy piston. One day when the 
sky was covered with heavy storm-clouds, there was heard a 
subterranean bubbling sound, soon followed by an explosion, 
after which the Artesian well again yielded the same quantity 
of water as at first. 
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About three miles from the spring of Bifoccio, near the 
parish church of Villaraspa, in the court-yard of Signor Pigati 
of Vicenza, there is, as described by Toaldo, a deep well, which 
at the approach of a thunderstorm seems in a state of ebullition, 
and sounds issue from it so as to spread alarm among the neigh- 
bouring inhabitants. 

1 think I may venture to aflfirm that the study of the two 
cases of which I have been speaking offers a degree of. interest 
far exceeding that which attaches to many objects which are 
sought in distant parts of the earth. 

We learn from Brugnatelli’s journal that on tlie 19th of July, 
1824, after a thunderstorm, the waters of the Lake of -Massa- 
ciuccoli, in the territory of Lucca, became white as if a great 
quantity of soap had been dissolved in tlicm. This state still 
continued on the 20th. The following day a number of dead 
fish, both large and small, were found on the bank. 

Do not these circumstances present a double indication of 
some subterranean emanation making its way during the 
thunderstorm of the 19th througli tlie muddy bottom of the lake ? 

Historians and meteorologists have mentioned local inunda- 
tions, of which the effects have apperired to be much beyond what 
would have been apprehended from the quantity of rain which 
had fallen from the clouds within a given radius. In such cases 
it has most often happened tliat immense masses of water have 
been seen to rise for a greater or less time from underground by 
apertures previously unknown ; and also a violent thunderstorm 
has been the precursor, and probably the primary cause, of the 
phenomenon. Such were in all respects, for example, the cir- 
cumstances of the inundation, which in June, 1686, destroyed 
almost the whole of the two villages of Kettlewell and Starbotton 

* This is perhaps the proper place for sajing a few worjls on the subject 
of the rolling subterranean noises heard during thunderstorms, by persons 
placing themselves near several of the. natural apertures by which the cele- 
brated Lake of Zirkiiitz periodically fills and empties itself.- Valvasor tells 
us that two of these openings are called in the language of the country 
(Carniola), “Vella,” and “ Mala-Bobnaza,” signifying the “lesser” and 
the “greater drum.” This is certainly quite enough to prove a subter- 
ranean noise ; but in this case there is a doubt (which, as we have seen, does 
not exist at Villaraspa, since at that place the phenomenon manifests itself 
before the storm bursts), viz.: Is the noise a simple acoustic phenomenon, a 
succession of echoes; or does it result' from a sort of subterranean slorm 
subordinate to the atmospheric storm? We have not sufficient data for 
determining between these different hypotheses. 
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in Yorkshire. During ithc tliunderstorm an immense crevasse 
was formed in the neighbouring mountain, and according to the 
accounts of eye-witnesses, the .mass of water which rushed forth 
from it contributed at least as much as tlic rain winch fell, to 
the lamentable misfortunes which followed. 

I might analyse a great number of cases similar to the above, 
but as from their nature they must always leave on the mind 
some uncertainty, and must be in some degree ec|uivocal in their 
bearings, I Avill content myself with one more citation, having 
the high authority of Beccaria. 

In October, 1755, a sudden inundation caused extensive 
devastation in most of the Piedmontese valleys. The Po over- 
flowed. This disaster was preceded by dreadful tliundcrs 

orrendi tuoni ”). According to the general, and indeed 
unanimous belief, its principal cause was the immense volume 
of subterranean Avater, which during the thunderstorm issued 
from the Interior of the mountains by new openings. 

These local ruptures of the solid crust of the globe would not 
be extraordinary, if it should be prov'cd that when thunderstorms 
are gathering, water has a tendency to rejoin the clouds, manifest- 
ing itself by decided phenomena of intumescence. This Is 
precisely Avhat appears to be evidenced by observations made on 
board the packet-ship ^few York,” in April, 1827. 

While the thunder rolled over and around the ship, the sea 
boiled in a manner Avhicli might have been ascribed by the 
beholders to the action of submarine volcanos. More espe- 
cially remarkable were three columns of -water which shot 
up into the air, fell back foaming, and rose again, again to fall - 
back in the same manner. 

There is at the Mont d’Or, in Auvergne, a very ancient 
building, in the middle of which there is a stone basin holloAved 
out of a single block, and called in the country Ccpsar^s hasin. 
It is three feet three inches wide, and nearly, four feet deep. It 
has at the bottom two openings, through which tAvo columns of 
Avater, issuing from the ground, rush forth bubbling or boiling, 
that is to say, occasioning a noise, or kind of eructiition, the 
intensity of which, according to the often repeated observations 
of Doctor Bertrand, is considerably augmented when thunder- 
storms are gathering. 

The inhabitants of the valley had themselves made the same 
remark, saying -that the noise of the gushing spring of Caesar’s 
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basin gave them notice of the approach of thunderstorms, and 
that It was a sign which never deceived them. 

Such a phenomenon Is assuredly deserving of careful and 
continued observation and examination. It would be also very 
useful to science to examine whether, as Berzelius thought he 
had remarked, well corked flasks containing water charged witli 
carbonic acid really burst much more frequently during thunder- 
storms than at other times, especially if it could be also proved 
that vibrations communicated to the glass by the detonations 
of the thunder, had no share in the effect observed by the 
illustrious Swedish cliemist. 

The celebrated Diihamel du Monceau says that lightning, 
unaccompanied by thunder, wind, or rain, has the property of 
breaking oat-stalks. The farmers are acquainted with this 
effect, and say that the lightning beats down the oats. 

On the 3rd of September, 1771, Duharnel himself witnessed 
this phenomenon at the Chateau of Dcnainvillicrs, near I’ithivicrs. 
In the course of tlie preceding night, or ratlicr morning, there 
had been much lightning. When ^daylight came it was found 
that all the ripe ea^s, with fine bunches of grain, had been 
broken off* at the first joint of the stalk. The green ears only 
were still uj)right. The farmers determined to mow the whole. 

Duharnel also reports as positively assured that lightning, 
when buckwheat is in flower, prevents the proper setting of the 
grain, and causes it instead to drop off. 

In reference to the action exercised by the atmosphere on 
vegetation when thunder is in the air, the following fact is 
vouched for by the Editors of the Bibllotheque Britannique 
do Geneve,” of which one of them had himself been witness. 
I transcribe their own expressions. 

In the month of May of last year (1795), the bark was being 
stripped from the trees of an oak wood situated on a height two 
leagues from Geneva. This can only be done at the season 
when the sap, being in flow between the wood and the bark, 
destroys their mutual adhesion sufficiently to permit the easy 
separation of the bark ; and the workmen generally remark, 
moreover, that the state of the atmosphere has a marked influ- 
ence on the facility and success of th^ operation. One day, the 
wind being from the north, and the sky clear, the barking was 
only effected with great difficulty. After twelve o’clock the sky 
became clouded in the west, muttering thunder was heard, and 

H 
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that moment the bark came off, as it were, of its own accord, to 
the great surprise of the labourers, who were all much struck by 
the phenomenon, and who agree in ascribing it to the state of 
the atmosphere with the less hesitation, as the effect ceased 
when the disposition to thunder hud passed off.” (Bibliothique 
BHtanniquey vol. ii. p. 221.) 

1 pass over many prevalent opinions respecting the effects of 
thunder in turning milk sour, spoiling wine or beer, and hasten- 
ing the corruption of meat, &c. I am not aware of any precise 
experiments establisliing the exact truth in these points. The 
unanimous assertion of cooks, wine or beer sellers, butchers,^ 
&c., may justly call attention to the subject, but cannot afford 
a substitute for proofs. 


CHAP. XXVIII. 

THE EXCEmONAE STATE JN *WJITCII ATMOSPHERIC STORMS PLACE 
THE SOLID PART OF THE GLOBE SOMETIMES MANIFESTS ITSELF BY 
FULMINATING EXPLOSIONS, WHICH, WITHOUT ANY LUMINOUS AP- 
PEARANCE, PRODUCE THE SAME EFFECTS AS THUNDER AND LIGHT- 
NING PROPERLY SO CALLED. 

I AM only acquainted with one direct observation justifying 
the above ; but it is so clear, direct, and to the point, and Mr. 
Brydone had collected all the circumstances with such intelligent 
and enlightened care, that it scarcely seems admissible even 
to entertain a doubt respecting the conclusions Avlrich follow 
from it. 

On the 19th of July, 1785, between noon and one o’clock, 
a storm burst in the neighbourhood of Coldstream. While it 
lasted, there took place in the surrounding country several 
remarkable accidents, which I propose to analyse. 

A woman wlio was cutting grass near the banks of the 
Tweed fell on the ground. She immediately cried out, and 
told her companions that she had just received from beneath her 
feet, she could not tell in what manner, a most violent stroke. 
At that moment there had not been, within the horizon, light- 
ning or thunder seen or heard. 

The shepherd of the farm of LenneMiill saw, only a few 
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feet off, a sheep which had appeared to be in perfect health a 
few tnoments before, suddenly fall. He ran to raise it up, but 
found it was quite dead. At that time the thunderstorm seemed 
to be at a great distance. 

Two tumbril carts laden with coal, each driven by a lad sitting 
on a small front seat, had crossed the Tweed, and had just 
climbed to the top of a steep ascent near the river bank, when 
there was heard all around a strong detonation, resembling the 
noise made by the nearly simultaneous discharge of several 
fowling pieces or muskets, but without any rolling sound. At 
the same instant, the driver of the hindmost cart saw the cart 
before him, tlie two horses, and his companion fall to the ground. 
The driver and the horses were quite dead! Let us scrupulously 
examine the details of this event. 

The wood of the cart was found to be much damaged, espe- 
cially where tliere Avere nails and other iron fastenings. 

Many lumps of coal were scattered to a distance on every 
side of the cart. The appearance of several among them was 
as if they had been for some time on the fire. 

The ground was pierced by two circular holes at the very 
spot on Avhich the Avhecls rested at the moment of the explosion. 
Ilalf-an-hour after the event these holes emitted an odour which 
Brydone compared to that of ether. 

The circular iron bands round the tires of the two wheels 
showed evident marks of fusion at the parts which had rested 
on the ground at the moment of the explosion, but nowhere 
else. 

The hair of the horses had been burnt, particularly that of 
the legs, and under the belly. In examining the print made in 
tlie dust which covered the road, it was evident that at the 
moment of their fall the animals were quite dead; that they 
fell as inert masses, Avithout experiencing any convulsh^e move- 
ments. 

The body of the unfortunate driver presented here and there 
marks of burning. His clothes, shirt, and especially his hat, 
were reduced to tatters. They gave out a strong smell. 

We haA^e here undeniably the principal effects of an ordinary 
stroke of lightning : yet the detonation Avas not preceded by 
any flash of lightning or any sort of luminous phenomenon. 
This remarkable fact is Avouched for by the driver of the second 
cart, Avho at the moment of the accident Avas chatting with 
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his companion, about twenty yards ahead, and saw him 
fall without having perceived any light. We may also refer 
to the evidence of a shepherd belonging to the neighbour- 
ing farm of Saint Cutlibcrt, who declared to ]VIr. Brydone 
that he was watching the two carts when the detonation took 
place, and that the fall of the cart, horses, and driver was 
accompanied by the formation of a whirling cloud of dust, but 
that he saw no lightning nor any appearance of fire. Lastly, 
wc have to add, that at the time of the accident Mr. Brydone 
had stationed himself before an open window with some of his 
friends for tlic purpose of showing them by a seconds watch, 
which he had in his hand, how to deduce the distance of the 
storm-clouds from the interval of time elapsing between the 
tlash and the noise ; and that ho heard the loud detonation of 
which we are speaking without its having been ju'cceded by any 
flash of liohtiiiim. 

Great drought had prevailed in the country for a considerable 
time when the accident Avhich has been described took place. 


CHAP. XXIX. 

THE PARTICULAR STATE WHICH AN ATMOSPHERIC STORM COMMU- 
NICATES TO THE SOLID AND LIQUID PART OK THE GLORE JJY ITS 
INFLUENCE, IS SOMETIMES MANIKES'IED RY RROAD AND BRILLIANT 
PHENOMENA OF LIGHT, OF WHICH THE EARTH IS AT FIRST THE 
SEAT, AND WHICH, AFTER AN EXPLOSION HAS TAKEN PLACE, DIS- 
APPEAR, EITHER BY VANISHING ON THE SPOT WHERE THEY WERE 
FIRST SEEN, OR BY A MORE OR LESS EXTENSIVE, AND MORE OR 
LESS RAPID CHANGE OF PLACE. 

Tiie fact whicli I am about to relate proves that by the influ- 
ence of a thunderstorm flames may be developed under water 
and shoot upwards from its surface. 

In the night of the 4th— 5th September, 1767,during a violent 
thunderstorm, the farmer of a pond, near Parthenai, in Poitou, 
saw the surface of the pond covered throughout its extent by t 
flame so thick as to hide the surface of the water. The nexi 
day all the fish in the pond were floating dead on its surface. 
Lastly, it appears that great luminous meteors, of a nature 
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analogous to lightning, are sometimes formed at the surface of the 
earth, even when no thunderstorm appears in the sky. I find 
the proof of this in an event at sea, which has been already 
cited summarily in a preceding chapter (chapter x. p. 51.), for 
a different object. 

On the 4th of November, 1749, in 42° 48' north latitude and 
9° west longitude from Greenwich, a few minutes before noon, 
and in clear and serene weather, a ball of bluish fire of the 
apparent size of a large millstone, advanced rapidly towards the 
English ship ^‘Montague,” rolling on the surface of the sea. When 
within a small distance of the ship, it rose almost perpendicularly, 
not above forty or fifty yards from the main chains, and exploded 
with a noise equal to that of several liunclred cannons fired at 
once. The maintopmast was shattered into above a hundred 
pieces, and the mainmast was rent quite down to the keel. Five 
sailors Avere thrown to the ground senseless, and one of them was 
severely burnt. 

The fulminating nature of the phenomenon appears to me to 
be shoAvn by the sulphurous smell which filled the whole ship, 
and more particularly by the circumstance that some of the 
spikes that nailed the fish of the mainmast were drawn with such 
force out of the mast, and sunk so fast in the main deck, that 
the carpenter was obliged to take an iron crow to get them out. 

The cause of these luminous phenomena, to avail myself of 
the fine expression of Pliny, still remains hidden in the 
majesty of nature.” 

Independently of the problematical fires of which we -have 
spoken, which during thunderstorms are visibly produced 
at the surface of the ground, remaining stationary there for a 
time, and only quitting it to explode at a small height above it, 
as in the case of the fires of Posdinovo and of Dijon, — Maffei, 
Chappe, and others, deem that lightning or thunderbolts are 
almost always elaborated -on the ground ; that it is from the 
ground that they suddenly dart ; that instead of descending 
from the clouds to the earth, their course is, on the contrary, 
upwards, from the earth to the clouds. 

Those who arc partisans of this opinion, say that they have 
distinctly seen lightning rise like rockets. Admitting as a fact 
the exceedingly rapid rate of movement which results from Mr. 
Wheatstone’s experiments, it is difficult to conceive the possi* 
bility of distinguishing by the eye whether a flash of lightning 
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between the clouds and the earth rises or descends. I know 
not, however, how to charge so many ])ractised observers with 
error. May it be that like those globular lightnings of 
which we have spoken so much at length in chapter vii., 
lightnings ascending from the earth may move more slowly 
than those which arc formed In higher parts of the atmo- 
sphere ? This subject calls for fresh researches. Any person who 
shall have seen — distinctly seen — a flash of lightning attached 
to the earth at one of its extremities, and not reaching the sur- 
face of the clouds by its other extremity, will have carried the 
question a decided step in advance. 


CHAP. XXX. 

FIRES OF ST. ELMO. 

ntTKING THUNDERSTORMS, VIVID LTOIITS, ACCOMPANIED BY A SLIGHT 
HISSING SOUND, ARE OFTEN SI^:EN ON THE MOST PROJECTING PARTS 
OF TERRESTRIAL BODIES. 

In thunderstonns, the projecting parts of bodies, and especially 
the metallic parts, sometimes shine with a rather vivid light, 
which the ancients designated by the names of Castor and 
Pollux. These fires are now most generally known as the Fires 
of Sti Elmo. In some parts of the Mediterranean they are 
called St; Nicholas, St. Clare, and St. Helena. 

Crosaris Commentaries contain one of the most ancient accounts 
of these phenomena which have been preserved to us. In the 
book on the war in Africa we read : This same night (a night 
on which there was a thunderstorm and a heavy fall of hail) 
the iron heads of the javelins of the Fifth Legion appeared on 
fire.” 

Seneca relates that near Syracuse a star placed itself on the 
iron of the lance of Gylippus, and rested there. 

We read in Livy that the javelin with which Lucius Atreus 
had just armed his son, newly enrolled as a soldier, threw out 
flames for upwards of two hours without being consumed/ 

Pliny had himself seen similar lights at the points of the 
pikes of soldiers placed by night on guard on the ramparts. 



THUNDER AND LIGHTNING. 


103 


Plutarch speaks of similar observations made in Sardinia and 
in Sicily. 

Procopius tells us, that in the war against the Vandals, Bcli- 
sarius was favoured by heaven with a similar prodigy. 

The above appears to me to be a sufficient collection of in- 
stances of Barnes appearing on land, at the points of lances, 
javelins, &c. The, same authors would furnish me with a much 
greater number of citations relative to analogous apparitions 
taking place during thunderstorms in different parts of ships. 

Plutarch, for instance, relates, that at the moment when 
Lysander’s fleet was coming out of the Port of Lampsacus to 
attack the Athenian fleet, the two flames, called the stars of 
Castor, and Pollux, appeared on either side of the galley of the 
Lacedemonian Admiral. 

In ancient times, the aj^parition of flames on the masts, 
yards, or rigging of ships was regarded as an omen. They were, 
therefore, observed with great care,. and the accounts scrupu- 
lously collected by historians. A single flame was called 
Helena, and was regarded as a menacing sign. Two flames, 
Castor and Pollux, announced, on the contrary, fair weather and 
a successful voyage. 

In case my readers should be curious to know in what point 
of view navigators in the time of Columbus regarded these 
phenomena, I borrow from the Ilistoria del Almirante,” 
written by his son, the following passage, which bears strongly 
the impress of the ideas of the 15th century. 

On the night of Saturday,” (in October 1493, during 
Columbus’s second voyage), there was very heavy thunder and 
rain. St. Elmo appeared at the mast-head with seven lighted 
tapers ; that is to say, we saw the fires which sailors believe to 
be the body of the saint. Litanies, prayers, and thanksgivings 
were then heard all over the ship, for seamen believe that as 
soon as St. Elmo appears the dangers of the tempest are cer- 
tainly past. Whatever may be thought of this opinion, and 
whatever may be the fact respecting it,’^&c. &c. 

We learn from Herrera that Magellan’s sailors entertained 
the same superstition. Ho says : During the great tempests 

St. Elmo appeared at the mast-head, sometimes with one and 
sometimes with two lighted tapers. These apparitions were 
hailed by acclamations and tears of joy.” 

Perhaps a close examination might show that the prestige 
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wliicli surrounded the fires of St, Elmo in ancient times has been 
preserved to a much later period than is usually supposed. The 
singular comparison, or rather assimilation, of these flames to 
lighted church tapers is not met with in the accounts of voyages 
in or after the middle or end of the 17th century. Perhaps, 
however, it may have been the original source of another also 
rather strange 02 )inion, which caused the fires of St. Elmo to 
be looked upon gs material objects which might be laid hold of 
at the mast-head and brought down to the deck. I borrow 
from the Memoircs de Forbiii” a passage which will present 
these ideas in all their naive simplicity, while at the same time it 
will serve to show the enormous dimensions to which the fires 
of St. Elmo sometimes attain. 

During the night ” (it was in IGfifi, ajiproaching the Ba- 
learic Islands), the weather suddenly became exceedingly 
dai*k, accompanied with dreadful thunder and lightning. Fear- 
ing the violence of an impending teinjiestuoiis wind, I had all 
the sails furled. We saw about the ship more than thirty fires 
of St. Elmo. One in particular, at the mainmast-hcad, was 
more than a foot and a half high, I sent a sailor to fetch it 
down. When the man was aloft he called out that the flame 
made a noise like gunpowder fired after it has been wetted. I 
bade him take off the vane and come down ; but he had hardly 
detached it from its place, when the flame left it and jflaced 
itself* on the end of the mast from whence it could not be got 
off. It staid there for some time, until it had gradually burnt 
out.” 

If I were to close my citations here, my readers might, per- 
haps, have reason to sTipjjpsc that the fires of St. Elmo were 
more active formerly than in modern times. I will therefore 
relate a few facts of more recent date, showing, as formerly, 
luminous appearances presenting themselves during thunder- 
storms, at the extremities of all kinds of bodies, even at a very 
low height. 

In the Itinerary of Fyncs Moryson, Secretary to Lord 
Mountjoy, we read, at the date of 23rd December, 1601, that 
at the siege of Kinsale, while the sky was traversed by light- 
nings (unaccompanied by thunder), the horsemen who were 
jmtrolling saw lamps hurn'^'* at the points of their lances and 
swords. 

On the 25th of January, 1822, during a heavy fall of snow, M. 



THUJ^DEB AND LIGHTNING. ^ 105 

dc Thielaw, who was travelling towards Freyberg, remarked that 
the ends of the branches of all the trees by. the roadside appeared 
luminous. The light appeared slightly bluish. 

On the 14th of January, 1824, after a thunderstorm, Mr, 
Maxadorf, in looking at a waggon laden with straw which was 
immediately beneath a thick black cloud in a field near Cotlien, 
observed tliat the straws on the top stood on end and appeared 
on fire. At the same time the driver’s whip threw out a bright 
light. The phenomenon disappeared as soon as the wind had 
carried away the black cloud ; it had lasted ten minutes. 

On the 8th of May, 1831, after sunset, some artillery and 
engineer Oflicers were walking, during a thunderstorm, on the 
terrace of tlic fort of Bab-Azoun,‘at Algiers. They were bare- 
headed, and each, on looking at his companions, saw with asto- 
nishment their hair standing on end and tipped with light. 
When they raised their hands, similar luminous points formed 
at the ends of their fingers. ( Voya(je de AL RozeL) 

During the thunderstorm of the 8th of January, 1839, when 
lightning struck the church tower at Ilasselt, some labourers 
who were on the dyke between Zwolle and Ilasselt, near the 
last-named town, observed a singidar phenomenon. A few 
moments before the explosion of the thunderstroke which fell 
on the church, they remarked that their clothes were covered 
with lire. • As they were making vain efibrts to rid themselves 
of these flames, they looked around and saw with increased 
terror the trees and masts sparkling with the same flame ; the 
thunderstroke resounded, and immediately the flames disap- 
peared. (Journal de la Ilaye.) 

It will perhaps be said, is it not surprising that phenomena 
which develop themselves with such intensity near the ground, 
and on the projecting parts of shij)s, should bp so rarely re- 
marked on tlic t^oints of church steeples, or on those of the 
Aveathercocks with which the roofs of so many houses are sur- 
mounted ? I have but a word of reply : I believe the fires of 
St. Elmo are not seen at the siunmits of high edifices only be- 
cause they are not looked for there. Wherever there have been 
attentive observers, summits of every kind have recovered their 
rights in this respect. 

Watson recorded an account which he had received from 
France, in which it was stated that M. Binon, Cure of Plauzet, 
had remarked, throughout a period of twenty-seven consecutive 
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years, that during great thunderstorms the three points of the 
cross on the church-steeple appeared surrounded by flames. 

In Germany the summit of the tower of Naumburg, had 
.been cited as a singular instance of the apj^arition of flames, 
;but in the month of August, 176*8, Licliteaberg saw similar 
flames on the tower of St. James .at Gottingen. 

On the 22nd of January, 1778, during a violent thunder- 
storm accompanied by rain and hail, M. Monger saw several of 
the highest pinnacles in the city of Rouen surmounted with 
luminous points. 

In 1783, M. Saiivan published, that on the 22nd of July, 
there being a thunderstorm that night, he had seen for three- 
quarters of an hour a crown of light surrounding the ball of the 
steeple of the church of the Aiigustines at Avignop. 

Before closing this chapter it may not be without use to 
remark that in atmospheric circumstances, apparently at least, 
quite similar, and during thunderstorms of equal intensity, the 
sort of fires which we have been considering have nevertheless, 

I do not say merely different degrees of intensity, but are also 
very dissimilar in shape, most often appearing as a plume; but 
occasionally the light is concentrated into a small globe, without 
any trace of diverging jets or points of flame. 


CHAP. XXXI. 

DURING GREAT TIIUNDERSTORHS, DUOrS OF RAIN, SNOW-FLAKES, AND 
HATL-STONES, PRODUCE LIGHT ON REACHING THE GROUND, OR EVEN 
ON ENCOUNTERING AND STRIKING AGAINST EACH OTHER. 

Many physicists having denied the reality of this plienomenon, 
I have thought it right to collect with particular care all the 
instances in which it has been observed. My readers will thus 
be enabled to form their own judgment on the subject. 

Hallai, the Prior of the Benedictines, at Lessay, near Cou- 
tances, wrote to Mairam: On the evening of the 3rd of June, 
1731, the thunder, was extraordinarily loud, and there fell at 
the same time rain resembling drops of molten metal.” 

In 1761', Bergman wrote to the Royal Society of London: 
^^I have twice observed, towards evening, without thunder. 
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rain fall of such a character, that everything sparkles at its con- 
tact, and the ground seems to be covered with waves of fire.” 

It might seem as if northern countries were more suited than 
others for the production of luminous rain, as in the very small 
number of citations which I am enabled to make on this 
subject, there is another which it will be seen belongs to 
Sweden. 

During the morning of the 22nd of September, 1773, in the 
district of Skara, East Gothland, thunder and lightning were 
accompanied by a very abundant rain ; afterwards the heat was 
exceedingly oppressive ; at six the rain recommenced, and then, 
all the accounts agree in stating that every drop darted fire as 
it reached the earth. 

On the 3rd of May, 1768, near La Canchc, two leagues from 
Arnay-le-Duc, Mr. Pasiimot was overtaken by a heavy thun- 
derstorm in the open country. As he stooped to allow the rain 
which had accumulated on the brim of his hat to run off, the 
water from his hat, in falling from a height of about two feet, 
met that which fell directly from the clouds, and sparks were 
struck out by the collision. 

On the 28th of October, 1772, on the i*oad from Brignai to- 
Lyons, the Abbe Bertholon was overtaken by a thunderstorm 
about five in tlie morning. Kain and hail fell in great abund- 
ance. The rain-drops and hail-stones, which in falling struck 
the metallic parts of the saddle of the horse which the Abbe 
rode, flashed light. 

An acquaintance of the celebrated meteorologist, Howard^’ 
related to him, that being at night on the road between London 
and Bow, during the violent thunderstorm of the 19th of May, 
1809, she distinctly saw the rain become luminous as it reached 
the ground.^ 

The above is all that I have been able to collect on the sub- 
ject of luminous rain. Hail and snow will aftbrd me only one 
or two citations. 

Bergman, in the letter written in 1761, which has been 
already noticed, after speaking of rain which became luminous 

* During a thunderstorm some travellers remarked that in spitting, the 
drops were luminous almost on issuing from their mouths. As the fright 
experienced by them at this event might be renewed in the case of others, it 
may be well thus to notice the circumstance, which, moreover, is not without - 
some importance in respect of theory. 
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on touching the ground, says that he had sometimes observed 
the same phenomenon in heavy fiills of snow. 

On the 25th of January, 1822, some miners at Freyberg 
told Lampadius that the small hail which fell during a thunder- 
storm was luminous when it reached the ground. 

‘To save those who may seek for an explanation of these 
])henomena from going astray, by looking for its cause in any 
properties peculiar to water in either a liquid or a frozen state, 
I have to remark that showers of dust have also been observed 
to be luminous. 

Thus the dust as fine as Havannah snuff, which fell on the 
town of Naples and its neighbourhood during the eruption of 
Vesuvius in the year 1794, emitted a phosphoric light, pale 
indeed, but distinctly visible at night. An Englishman, Mr. 
James, who was at the time in a boat near Torre del Greco, 
remarked that liis own hat, and those of his boatmen, and par- 
ticularly the parts of the sails on which the dust had principally 
collected, gave out a sensible degree of luminosity. 


€IIAP. XXXI r. 

GEOGUAPIIY OF STOUMS. 

ARE THERE PLACES WIIKUE IT NEVER THUNDERS ? IN WHAT PLACES 
IS THUNDER MOST FREQUENT.? IS THUNDER AS FREQUENT IN 
MODERN AS IN ANCIENT TIMES ? DO LOCAL CIRCUMSTANCES IN- 
FLUENCE THE FREQUENCY OF THIS PHENOMENON? IS THUNDER 
quite as FREQUENT ON THE HIGH SEAS AS IN THE MIDDLE OF 
CONTINENTS? WHAT AS TO FREQUENCY IS THE GEOGRAPHICAL 
DISTRIBUTION OF THUNDERSTORMS IN THE PRESENT DAY? 

Box ANT, zoology, entomology, &c. &c., have all given occa- 
sion to curious and important geographical classifications, and it 
may therefore naturally be expected that I should say some- 
thing about the geograjiliy of thunderstorms. In the absence 
of a satisfactory solution of the questions above announced, I 
will at least attempt to show the course to be followed when 
sufficient documents shall have been collected. 

JPirst question. Arc there places where it never thunders ? 
Pliny (Hist. Nat. lib. ii. § 52.) says that it does not thunder 
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in Egypt. At the present day thunder is frequent at Alex- 
andria, and occurs three or, four times a year at Cairo. 

In Plutarch’s treatise on Superstition, we ' read, lie who 
never goes to sea does not fear the waves, nor he who does not 
follow arms, war. He Avho stirs not from home does not fear 
highway robbers ; nor docs the dweller in Ethiopia fear thunder.” 

I am by no means disposed to believe that in the time of 
Plutarch thunder was never heard to the south of Egypt, as is 
implied by this pas^sage. Since thunder occurs at Cairo, and is 
very frequent in A})yssinla (at Gondar, for instance), I venture 
to affirm (although I am not in possession of direct observa- 
tions), that thunder is general throughout the extent of ancient 
Ethiopia. 

If, however, I am unable to name any place within the warm 
or temperate regions of the old continent where thunder is 
never heard, it is quite otherwise in America. 

Those among the inhabitants of Lima in Peru (12° S. lat. 
and 77° 10' W. long.), who have never travelled, can form from 
their own experience no idea of thundci*. We may add, that 
they are equally unacquainted with liglitning, for even noiseless 
and sheet lightnings never appear in the atmosphere of Lower 
Peru, often misty, but never showing true clouds. 

I now pass from the tropical to the frigid zone. 

In 1773, from the end of June to the end of August, the 

Eacehorse,” commanded by Captain Phipps, was constantly 
navigating the Spitzbergen seas. During the course of these 
two summer months, thunder was not once heard, nor was a 
single flash of lightning seen. 

My friend, the Kev. Dr. Scoresby, formerly so celebrated a 
whaling captllin, and who has given so interesting a description 
of the polar seas, says that in his numerous voyages he only 
twice saw lightning beyond the parallel of 65°. 

In Captain Parry’s attempt to reach the North Pole, his 
party travelled over the ice with their sledge boats from the 
25th of June to the 10th of August 1827, between 81° 15' find 
82° 44' latitude. In this interval, they never saw lightning or 
heard thunder. 

The HScIa” remained at anchor from the 20th of June to 
the 28th of August. At Hecla Cove, on the coast of Si)itz- 
bergen, in 79° 55' north latitude, none of the observers on 
board or on shore ever heard thunder or saw lightning. 
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Lastly, the ^^Hecla” navigated the icy seas between 71® 28' 
and 79® 59' lat. from the Ist of May to the 19th of June, and 
between the 28th of August and the 16th of September crossed 
the zone comprised between the 80th and the 62nd parallel. 
During these periods also no indications of thunderstorms were 
perceived. 

From all these documents it may be affirmed that, beyond 
the 73tb parallel of latitude, thunder and lightning are un- 
known in the open sea and among islands. 

The observations of Captain Iloss’s Expedition corroborate 
this result. In 1818, the ships commanded by that officer were 
from the beginning of June to the end of September in Davis 
Straits and Baffin’s Bay, between 64® and 76^° north latitude. 
The meteorological tables corres])onding to this season do not 
mention a single flash of lightning or sound of thunder. 

Captain Parry’s Expeditions enable us to extend to regions 
much surrounded by land the rule which we have so far only 
been entitled to apply to extensive seas and to islands. 

The meteorological tables of the first voyage of this intrepid 
navigator to Baffin’s Bay, Barrow’s Strait, and Melville Island 
commence in June 18 IP, and extend to September 1820 in- 
clusive. .This makes two summer seasons (or seasons of 
thunderstorms); and during the whole of these two seasons 
passed between 70® and 75® N. lat., thunder and lightning were 
never once heard or seen. 

Placing ourselves a very little way on this side of the 70th 
parallel of latitude, we find thunder very rare, perhaps scarcely 
heard once a year, but we can no longer say that we are abso- 
lutely beyond the region of thunderstorms. 

The meteorological tables of Captain Parry’s second voyage 
to Baffin’s Bay embrace the interval comprised between the 
1st of June 1821, and the 30th of September 1823, or twenty- 
eight months, including three complete summers or seasons of 
thunderstorms. During this long interval, and in latitudes all a 
little below 70®, I find the following entry, but that one only : — 
6th of August, 1821. Several very vivid flashes of lightning 
were seen to the westward, and succeeded by hard rain for some 
hours.” 

The latitude on the 7th of August must have been about 
65® 30'. 

At Fort Franklin, latitude 67^®, and longitude 120® 12' W., 
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from the beginning of September, 1825, to the end of August, 
1826, or 'during an entire year. Captain Franklin and his 
companions only heard thunder once, May 29. 1826. 

The meteorological tables at the same station, for the interval 
comprised between the beginning of September, 1826, and the 
middle of May, 1827, only mention one day of thunder, the 11th 
of SeJ)tember, 1826. 

During his arduous expedition in the northern parts of 
America, Captain Back experienced in the beginning of August, 
1834, a violent storm of thunder and lightning at Point Ogle, 
in 60° 20' N. latitude, and 95° W. longitude. 

Iceland has been often cited as a country where thunder is 
never known. The word never must be changed. Mr. 
Thortensen, Doctor of Medicine in that island, has favoured 
me with his valuable meteorological observations made at liei- 
kiavik (latitude 65°), from the 20th of September, 1833, to the 
30th of August, 1835. In this space of nearly two years, I 
find one day, the 30th of November, 1833, in which thunder 
was heard. 

Second question. What are the places at which there is most 
thunder ? 

Although we have been able to cite one country, situated in 
the equinoctial zone (Lower Peru), where there is no thunder, 
yet, generally speaking, it is in tropical countries that there is , 
most thunder. The numerical table, which will form the most 
suitable conclusion of this chapter, will show that in France, 
England, and , Germany, the mean annual number of days of 
thunder and lightning rarely amounts to twenty, whereas, at 
liio Janeiro, and at places in India, it is above fifty. M. Bous- 
singault, who has had much oppox'tunity of forming an opinion in 
connection with his interesting explorations of the Cordilleras, 
thinks that in the neighbourhood of the equator on all days of 
the year, and probably at all hours of the day, electric discharges 
are continually taking* place in the atmosphere, so that an 
observer, if gifted with sufficiently sensitive organs, would hear 
continually the sound of thunder. 

Third question. Is thunder as frequent now as in former 
times ? 

Meteorologists who desire to compare the ancient and modern 
states of the globe in respect to temperature, rain, atmospheric 
pressure, magnetism, &c., find themselves without any point of 
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departure because the ancients possessed neither thermometers, 
rain gauges, barometers, or compasses of any kind.. The 
question placed at the head of the present paragraph is a more 
simple one, for which instruments would not seem to have been 
necessary. If instead of discussing at great length, and very use- 
lessly, the physical cause of the meteor, Pliny, Seneca, &o., had 
condescended to tell us how many days in each year it thundered 
at Rome, Naples, &o., the comparison of tbeir numbers with 
those which are found in meteorological tables of our own time 
would lead to, curious results. It is manifestly impossible to 
find any substitute for such data : I have, however, tliought that 
I might permit myself to seek in an assemblage of the records 
of thunderstrokes preserved by historians, certainly not a real 
solution of the question proposed, but a mere glimpse, or simple 
indication, which might in our uncertainty make tlm balance 
incline on one side rather than on the other. 

Herodotus says, Xerxes entered the country of Ilium, 
having Mount Ida on the left hand. But as they passed the 
night at the foot of that mountain, many of their men were 
destroyed by thunder and liglitning.” 

It will be seen presently that according to the information 
which I have been able to collect, thunder is not now more 
frequent in Asia Minor than in Kuropcaii climates ; and I 
certainly much doubt whether in reports to the INiinisters at 
War, thunder and •lightning have ever figured amongst the 
causes accounting for the diminution of armies, and I have no 
idea that any of our generals have ever had occasion to speak, as 
does Herodotus, of having lost many men in such a manner. 

Pausanias relates that when a Lacedaemonian army was en- 
camping under the walls of Argos, many soldiers were struck by 
lightning. 

I consider that I have obtained sufficient evidence to prove 
that at the present time Attica and the Peloponessus are not 
remarkable either for the number or the intensity of their 
thunderstorms. The tendency, therefore, of inferences drawn 
from the account of Pausanias (as well as from that of Hero- 
dotus) would be to lead us to believe that there has been a 
notable diminution of thunder and lightning in Greece since 
ancient times. But I must point out a circumstance which 
materially lessens the importance of Pausanias’s evidence, as 
bearing on the point of the ordinary mean annual amount of 



THUNDEB AND LIGHTNING. 113 

this atmospheric phenomenon. It is that the lightning and 
thunderbolts from which the Lacedaemonian army suffered so 
much, coincided with a dreadful earthquake. 

Pliny the Naturalist furnishes me with the following passage:— 
In Italy, during the war, the construction of towers between 
Terracina and the Temple of Feronia was abandoned because 
all those which had been built had been overthrown by lightning.” 

Many towers overthrown by lightning,” is an effect probably 
much beyond what now takes place in the territory of Terracina 
in a considerable number of years. 

I might, perhaps, avail myself of the very just remark, that if 
the history of ancient nations is full of fables, on the other hand 
their fabulous history abounds in true historical events. AVliereas 
modern history does not afford a single example of any person- 
age of note struck by lightning, we find in the Greek Poets 
the names of Salmoncus, Capaneus, Semelc, Enceladus, Typhon, 
Ajax (the son of Oileus), Esculapius, Adimantus Prince of 
Phlios, Lycaon, &c. &c. If the poets should appear too un- 
certain authorities to be adduced in a question of physics, I 
would cite the death of Tullus Hostilius (according to Livy), and 
of Dionysius of Halicarnassus ; the death of the Emperor Carus, 
struck by lightning in his tent about the year 283, according to 
Flavius Vopiscus: the death of the Emperor Anastasius the 
First: and the account of lightning darting across the litter 
in which Octavius Augustus was travelling when among the 
Cantabrians, and killing the slave who preceded it as torch- 
bearer* 

Ctesias states that in his presence Artaxerxes caused an ex- 
periment to be made at his own risk and peril, which consisted 
in averting a thunderstorm by the aid of a sword planted in the 
ground. The risk and peril of such an experiment, even during 
the most violent thunderstorm, would in the present day be 
thought too slight to mention. 

Those persons, then, who are persuaded, very erroneously I 
believe, that ancient authors always measured their words and 
statements according to a severely just and true standard of 
fact and reason, may, if they please, find in tliis passage of 
Ctesias a proof that thunderstorms had formerly a degree of 
intensity unknown in modern days. 

Such a conclusion has, indeed, been drawn, not only from 
the cases of persons struck by lightning, but also from the sup- 

I 
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posed very considerable number of monuments in and around 
Home which had been so struck. Let us proceed, as far as 
we can, to enumerate the cases appealed to. 

Ancient authors had spoken of a thunderbolt which struck 
the walls of Velletri as being an indication of the high destinies 
of a citizen of that town : it was the birtJiplace of Augustus. 

Suetonius mentions that after the death of Caesar the monu- 
ment of his daughter Julia was struck by lightning; he also 
speaks of a thunderbolt having struck a portion of the palace of 
Augustus on the Palatine Hill. 

The same historian remarks that some time before the death 
of Augustus a stroke of lightning destroyed the first letter of 
that emperor’s name in the inscription on the pedestal of his 
statue. 

Under th^ reign of Caligula lightning struck the Capitol of 
Capua and the temple of Apollo Palatine at Rome. 

Lightning struck the monument of Drusus, the father of the 
Emperor Claudius, a few days before the death of the latter. 

While recognising that, as respects the point in question, eacli 
of these historical facts taken separately would be of little im- 
portance, it may be admitted that, taken together, they pexdiaps 
give a very slight degree of probability to the idea that thunder- 
storms have diminished in intensity since ancient times. 

The number of instances of thunderbolts recorded by ancient 
writers, taken in connection with the periods over which their 
dates extend, is, however, far from being so considerable as the 
arguments on the subject might seem to imply. In comparing 
them with corresponding phenomena in modern times, the effect 
of lightning conductors in lessening the number of such in- 
stances, ought not to be forgotten. 

Without attempting to give precise elements for such a com- 
parison, I may mention, that the church of St. Genevieve was 
partly destroyed by lightning in 1483 ; that previous to the esta- 
blishment of a lightning conductor on the spire of Strasbourg 
cathedral, that magnificent edifice was almost annually visited 
and injured by lightning; that a few years ago the dome of 
the Invalldes was struck ; that a recent stroke of lightning ren- 
dered it necessary to take down entirely one of the towers of 
St. Denis; and that within a very limited extent of territory, 
on the coast of Brittany, M. la Pezlaie has been able to register 
the following cases of buildings struck by lightning : — 
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Spire at Brasport, in 1817. 

Steeple of the church at Crozac, in 1822. 

Steeple of the parish church at Auray, in 1828. 

Spire fit PI uvigner, in 1831. 

Steeple of Locmaria-Plabennec, in 1833. 

Church of St. Michel at Quimperl^ in 1 833. 

Steeple of the church of Plougcan, near Morlaix, in 1843. 

Steeple of the church of Bercran, near Landerneau, date unknown. 

Fourth Question, - Do local circumstances influence the fre- 
quency of the phenomenon ? 

The answer to this question cannot be doubtful, since we 
have already remarked that one country, Lower Peru, where 
it never thunders, corresponds in geographical position to the 
regions where, generally speaking, there is most thunder. As, 
liowever, the absence of tlmnderstorms in Lower Peru is accom- 
panied by the absence of clouds, properly so called, which are 
tliere replaced by a singular, opaque, permanent vapour or fog, 
known in the country by the name of garua^ other citations are 
desirable. 

I am disposed to place in the foremost rank, one which 1 take 
from a work published at Glasgow, in 1835, by Mr. Graham 
Hutchison, entitled On Meteorology, Marsh Fevers,” &c. 

In Jamaica, from early in November to the middle of April, 
the summits of the Port lioyal Mountains begin, between eleven 
o’clock and noon, to be covered with clouds. At one o’clock 
these clouds have attained their greatest degree of density ; 
torrents of rain fall from them, lightnings dart across them in 
every direction, and the rolling of the distant thunder is heard 
as far as Kingston. Towards half-past two the sky recovers 
its serenity. 

Mr. Hutchison states that these phenomena are of daily oc- 
currence during five consecutive months. If we take this as 
an exact observation, it gives for Kingston 150 days in the year 
when thunder is heard (apart from the summer months), while in 
the neighbouring islands, and in places on the continent similarly 
situated in climatological respects, the number of days of thunder 
is under fifty; thus manifesting the great influence exercised 
by the Port Iloyal Mountains in the ’ production of thunder- 
storms. 

This permanence of thunderstorms in Jamaica, In regard to 
which it is very desirable that meteorology should be fur- 
nished with more circumstantial and precise data, is said also to 
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be met with at some points of the neighbouring continent. M. 
Boussingault writes to me that during a certain season of the 
year it thunders almost every day at Popayan ; and that he had 
himself counted in one month (the month of May), more than 
twenty days of thunderstorm. The fact had indeed been re- 
marked before, for no one in those countries disputes with the 
inhabitants of Popayan the honour of having the most mighty 
thunder in the republic.” 

The equinoctial regions would furnish me, if needed, with, 
other examples. I might cite in tlic neighbourhood of Quito 
the Valley of Chillo, in which, according to the general belief 
of its inhabitants, there is niucli more thunder than in neigh- 
bouring countries; but I wish rather to hasten to the con- 
sideration of our temperate climates. 

In looking at the Table which closes this chapter, it will be 
seen that in Europe the mean annual number of days on which 
thunder occurs varies, speaking generally, so. slowly with a 
change of latitude, that wc should expect for Paris and the 
neighbourhood of Orleans results almost identical, or differing 
at the utmost by two or three units. The fact, however, is 
very different. 

At Paris, the mean number of days of thunder in a year is 
fourteen, while at Denainvilliers, between Pithiviers and Orleans, 
it is half as much again, or nearly twenty-one. 

There is thus manifested a local influence, of which the 
cause must be sought elsewhere than in the form of the ground, 
for it would be difficult to cite any country less varied in this 
respect than that which surrounds both Paris and Orleans. 

Are we to seek for such a cause in the presence of the Loire, 
the great forest of Orleans, or the Solognc ? This is a question 
on which I do not wish at present to enter. Some mete- 
orologists consider that the nature of the soil may be in- 
fluential on the greater or less number of thunderstorms. The 
following remarks on this subject were addressed to Mr. Luke 
Howard, in 1803, by Mr. Lewis Weston Dillwyn: — 

East of Devonshire, storms frequent, (few metallic mines). 

Devonshire generally, storms fewer, (more mines). 

Cornwall, storms still fewer, (country of mines). 

Swansea, thunderstorms very rare, (great abundance of iron mines). 

South Devon, thunderstorms rather frequent, (no mines). 

North Devon, storms notably less frequent than in the south, (many iron, 
copper, and tin mines worked). 
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Mr. Dillwyn also maintained that thunderstorms are more 
frequent and severe in limestone countries than in others. 

I have no means of verifying the facts on which Mr. Dillwyn 
based his opinion; which I report, therefore, not because I 
regard it as established, but because it may become an interest- 
ing subject of inquiry. 

If it were possible to obtain satisfactory evidence of a close 
and distinctly marked connection between the geological cha- 
racter of the ground and the number or the intensity of 
thunderstorms, it would be a great discovery in the Physique 
du Globe ; I should, therefore, almost feel that I had neglected 
a duty, if I omitted to cite other places where fiJIich a connection 
had been surmised as well as in the west of England. I find in 
the Statistiqve Mineralogiqiie et Geologique du Departement de 
la Mayenney by M. Blavier, Engineer of Mines, the following 
passage : — 

In the departement dc la Mayenne, there exist masses of 
granular or compact diorite {grunstehi)y which contain a notable 
proportion of iron, and act on the magnet. We have been 
assured that the inhabitants of certain Communes, that of Niort, 
for instance, always sec the most threatening thunderstorms 
either disperse as they approach, or else turn off in certain 
directions. We think that the explanation of this fact should 
be looked for in the conducting action of several considerable 
masses of diorite which show themselves in this country.” 

I owe to my friend, M, Vicat, the following note which lends 
some support to these views: — 

In 1807, I was travelling as a student engineer of 
bridges and highways, and having been directed to trace a 
route across that part of the chain of the Apennines which 
separates Piaceiiiia from the sliores of the Mediterranean, I had 
occasion in the course of my duties to reside for some days in 
a hamlet called Grondonc. A few hundred paces from this 
hamlet, there is a rich iron mine in the form of a pointed 
eminence, apparently piercing the soil, and rising, to the best 
of my recollection, to a height of about a hundred feet. This 
mine, which is situated in a serpentine rock, is worked, and 
is said to produce 70 per cent, of metal, and furnishes the 
ore to the furnacQ^ of a small town called Ferruira. Its 
elevation above the Mediterranean nmst be nearly that of the 
ridge of the Apennines’ chain, as it is not far from the sepa- 
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ration of the waters which flow into that sea and those which 
flow to the Adriatic. 

The point which I wish to describe, which is generally well- 
known in the country, and which I have often been able myself 
to verify, is the following. It rarely happens that one of the 
hot days of July or August passes without an electric cloud 
being formed over the country about Grondone. This cloud 
gradually increases in size, remains suspended for some hours 
over the iron mine of which I have spoken, and then bursts 
there into a thunderstorm of short duration. The miners have 
learnt by experience when it is time to leave the place, retiring 
to a short distance from the mine, and returning to their work 
when the explosion is passed and the cloud dispersed. I have 
often Avatched the cloud form about noon, remain quietly until 
four or five in the evening ; and then, after a few thunderclaps, 
give birth to a short storm. 

There are probably other points in the Apennines where par- 
ticular causes produce small storms within very circumscribed 
limits. I infer this from having often remarked that while the 
sun is shining brightly, and not a trace of cloud appearing in any 
part of the sky visible to an observer who may be travelling 
along the valley,- perhaps the bed of one of those torrents, 
which being usually dry, form in some parts of the Apennines 
only practicable routes, he may suddenly hear the rush of a 
mass of miry water rolling with it large stones, and advancing 
with a speed which scarcely allows the muleteers and travellers 
time to escape.” 

Colonel Jackson has pointed out to rnc the environs of Bia- 
lystock in Lithuania as being in summer the theatre of constantly 
recurring thunderstorms with frequent strokes of lightning. 
These storms last only two or three hours ; at other times the 
sky is remarkably serene. 

The possible influence which the nature of the soil may exer- 
cise on the occurrence of thunderstorms ought not perhaps to 
appear so surprising, since it had before been thought not to be 
without effect on the superficial extent of heavy showers of 
rain. In July, 1808, Mr. Howard, in travelling rapidly from 
London to St. Alban’s, remarked the ground to bo alternately 
dry or wetted by the rain according to the ^calcareous or sandy 
nature of the soil. Tile alternations of wet and dry were too 
frequently repeated to be attributed with probability to the 
of chance. 
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Fifth Question. — Is thunder less frequent in the open sea 
than in the middle of continents ? 

I have thought it right to examine this question, which has 
been answered affirmatively without any proofs of the justice 
of the statement being offered. So far as my researches have 
gone, however, they confirm it. In marking off on a map of 
the world, according to their latitude^ and longitudes, all the 
places where ships have been assailed by storms accompanied 
by thunder, the mere inspection of tlie map appears to show 
that the number of these points diminishes with increasing dis- 
bmee from the continents. I have even seen some reason to 
believe that beyond a certain distance from land, thunder never 
occurs. I j^resent this result, however, with the greatest pos- 
sible, reserve, for I might at any moment find in the account of 
a voyage, proof that I liad generalised too liastily. Meanwhile 
I have had recourse to the kindness and nautical experience of 
Captain Duperrey. I subjoin in full his letter written after the 
publication of the first edition of this notice, in which I appealed 
to his profound knowledge in meteorology. I might have placed 
some of the facts pointed out by this distinguished navigator in 
some of my earlier chapters, but after reflection I preferred not 
to separate the different pieces of interesting information which 
his letter contains. 

“ Paris, Sept. 21. 1838. 

I wish I coidd tell you all the pleasure which I have felt in 
reading the last 400 pages of the Annuaire du Bureau des 
Longitudes, which has just appeared ; but your time is precious, 
and if I venture to occupy it for a few moments, it must at 
least be on subjects which will appear to you to justify my 
doing so. 

‘^Your interesting notice on thunder has recalled to my recol- 
lection several facts of rare occurrence, which I have had the 
good fortune to witness, and which I regret I did not add to 
those which I have already had the honOur to communicate to 
you. . 

You say, that, not being discouraged by Saussure’s asser- 
tion, you have sought in old meteorological collections to discover 
whether small isolated clouds never produce lightning and 
thunder. I find an entry on this subject in a journal which I 
kept on board the ^ Uranie,’ aiid of'^which I gave a cdjiy to M. 
do Freycinet when we returned to France. 
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^ Being in the Strait of Ombay, in the month of November, 
1818, we saw one evening a little white cloud, from which light- 
ning darted in every direction. It rose slowly notwitlistanding 
the strength of the wind, and was at a great distance from 
all the other clouds which appeared fixed near the horizon.’ 

^^Prom recollection I can add to the above the following parti- 
culars. The cloud in question was of a rounded form, and 
might occupy a surfiice equal to the apparent size of the sun’s 
disk. From every part of this cloud there escaped zigzag 
lightnings, and a great number of successive discharges like the 
independent fire of musketry from a battalion of men. This 
phenomenon, which I only saw once in my life, lasted fully 
half a minute ; with the last discharges the cloud completely 
disappeared. I do not know why M. de Freycinet has not 
mentioned this circumstance. 

1 ought to add that while in those Straits we saw several 
luminous balls traversing the atmosphere in all directions; 
thunder was frequent, as indeed is usual in the Indian Archi- 
pelago ; but we also felt the effects of a whirlwind, the violence 
and extraordinary noise of which induced us to clue up all the 
sails. The whirlwind lasted but a very short time, and appeared 
in weather otherwise magnificent and with an extremely clear 
sky. 

I will next mention a fact bearing on the question of the 
effects of lightning on the rate of chronometers, which you 
have treated of in your notice. It is noted in p. 19. of the 
hydrographic part of the account of the Voyage de la Coquille^ 
but I subjoin it here in more detail. 

As may be seen in the work referred to, our chronometers 
had been regulated at Amboyna, and their daily rate fixed, on 
the 27th of October, 1823, as follows ; — 

s. 

“ No. 1 18. by Louis Bcrtliaud - - — 5*3. 

No. 160, - the same . - - - — 26’2. 

No. 26. - Motet . * • . +10-1. 

On quitting Amboyna for Port Jackson, I shaped our course 
so as to obtain some knowledge of Timor and the Savu Islands. 
During this first part of our passage, ahd more especially while 
in sight of Timor, we were assailed by frequent thunderstorms, 
with violent discharges of lightning in near proximity to the 
ship, and attended by exceedingly loud thunder. In consequence 
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of these storms when we arrived at the Savu Islands, of which 
the difference of longitude from Amboyna had been very exactly 
determined in 1792 in d’Eutrecasteaux’s voyage, none of our 
chronometers was found to assign their position correctly. The 
rates observed at Amboyna were no longer applicable, and 
these watches which we were accustomed to depend upon to 
within less than 5 minutes of a degree, were now in error from 
15 to 40 minutes; when we arrived at Port Jackson their 
indications would have placed us more than 40 leagues in the 
interior of New Holland. 

On having their march determined afresh at Port Jackson, 
their new daily rates, January 19. 1824, were found as follows: — 

8 . 

“No. 118. -f 7*0. 

No. 160. t . - . . —18*7. 

No. 26. •f27*6. 

All, therefore, had had their march accelerated, and as 
the new rates gave the difference of longitude between the 
Savu Islands and Port Jackson correctly, we can only attribute 
the change from the march observed at Amboyna to the violent, 
loud, and often repeated thunderstorms which we exjperienced 
in the neighbourhood of Timor,* 

I have never myself witnessed the effects of lightning on 
compass-needles, bnt I do not the less advise navigators to pro- 
vide themselves with a dipping needle and circle, and to experi- 
ment with it immediately after any shock from lightning on 
board their vessel. It is well known that by turning the instru- 
ment in azimuth until the inclination of tlie needle is a minimum, 
the end which dips below the horizon points in the direction of 
the earth’s magnetic pole, northern or southern, according as the 
place of observation is in north or south magnetic latitude. 
This operation, to which I have often had recourse during tlie 
voyage of the ^ Coquillc/ is, I think, indispensable in cases where 
after the thunderstorm the sky continues for some time clouded, 
and particularly if the ship is near shore, or among islands or 
other dangers. 

I find in the ^ Tableaux des routes de la corvette la Coquille, 
&c.,’ published by me in 1829, an instance of the extraordinary 
distances to wdiich the light of lightnings may be perceived. 

♦ From the 16th to the 17th of August, 1824, M. de Bougainville, being 
then in the Straits of Malacca, experienced -a violent thunderstorm, in which 
the lightning exploded so close to the frigate that the binnacle compass*cards 
made an entire revolution.* v 
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On the evening of the 6th of March, 1823, being between 
the parallels of Lima and Truxillo, and about thirty leagues 
from the shore, we saw very brilliant lightning in the east and 
north-west, quite on the edge of the horizon. The wind was 
S.S.E. ; the weather was magnificent, and the sky remarkably 
clear and pure. We heard no thunder. . It has, indeed, been 
lon-GT well known that thunder never occurs on the shores of 
Lower Peru; but it is also known, that, according to Antonio 
de Ulloa, the case is different thirty leagues inland. We may 
then assume that the lightnings of which the light was visible 
within the horizon of our ship had been produced in storm- 
clouds sixty leagues distant. 

I will next notice an event caused by lightning, which I 
did not myself witness, but of which I can guarantee the 
authenticity. The ^ Cdquille,’ of which I took the command in 
1821, had previously been employed as a transport, and the 
authorities had not thought fit to furnish her with a chain con- 
ductor. Being at anchor in the Bay of Naples, she had one 
day been struck by lightning in such manner, that without 
any paii; of the masts being touched, the lightning penetrated 
the hold, and escaped through the planks of the portion of the 
hull which was under water. The leak thus caused was such 
that the ship would have foundered if at her signal of distress 
the other ships in port, and the various fishing boats in the 
neighbourhood, had not come to her aid with remarkable ce- 
lerity, and towed her to the shore just in time to save her from 
sinking. 

You have more particularly requested me to write to you 
on two subjects, in respect to which I feel more honoured by 
the invitation tlian satisfied with the replies which it is in my 
power to give. 

« If I examine generally the data which we possess on the 
subject, I am, like yourself, inclined to admit that thunder- 
storms are less frequent at sea than on land, and that it may be 
inferred from thence that there may bo, at a gr6at distance from 
continents and islands, places where they never take place. But 
I also see that there are anomalies which modify all my anticipa- 
tions, and require that I should be on my guard. A navigator 
coming from the Moluccas, or Sonda Islands, where thunder 
occurs almost every day in the year, must .find himself, on gain- 
ing the high seas, greatly relieved, and much impressed with the 
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absence of the din to which he has been accustomed ; but a 
totally opposite impression would have been made on an inhabi- 
tant of Lima Avho should have accompanied us' on our passage 
to the Society Islands ; for he would, for the first time in his life, 
have heard the crashing of thunder on three successive days, 
when we were 600 leagues from Peru, 600 leagues east of 
Tahiti, and nearly 230 leagues north-west of the little island 
called Easter Island. 

Your numerous researches lead to the inference that thunder 
does not take place in the icy regions of the northern hemisphere. 

I think the same is true in the opposite hemisphere. We know, 
indeed, that §omc of Lord Anson’s sailors, in the ^ Cen- 
turion,’ were seriously hurt by lightning, at some distance west- 
ward of Magellan’s Straits ; but I think we may infer from the 
voyages of Cook and Bellingshausen, and that of the ‘ Uranie,’ 
that in the parallel of pape Horn, in the middle of the great 
southern ocean, at the greatest distance from land, or at a point 
about 560 leagues from Oparo, Antipodes, Easter, Peter the 
Eirst, and Alexander Islands, there is scarcely any thunder. 

" I am almost certain that thunder is very rare on the route 
which leads in a straight line from the Cape of Good Hope to 
the Islands of St. Helena and Ascension ; and at St Helena 
itself wc may feel assured that the ashes of Napoleon will 
never be disturbed by thunderbolts. It is otherwise, however, 
with some other portions of the Atlantic, Pacific, and Indian 
Oceans. 

Thunder occurs at 240 leagues east of Brazil and Patagonia, 
and on the equator between Africa and America ; also at the 
point in the Northern Atlantic most distant from land, which is 
380 leagues from the West India Islands, Guiana, the Cap^ 
Verds, the Azores, and the Bermudas. Thunder and lightning* 
arc also met with 200 and 240 leagues south of the Cape of 
Good Hope, New Holland, New Zealand, and Easter Island ; 
and if wc consult the narratives of the voyages of La Peyrouse, 
Dixon, Mears, and Freycinet, we find these phenomena no less 
brilliant than elsewhere, not only at 250 leagues north-east of ^ 
the Marianas, and more than 300 leagues north of the Sandwich 
Islands, but also in 40° N. latitude and 180° longitude (from 
Paris), precisely in the central part of the North Pacific, as far 
as possible, or at an extreme distance, from Japan, the Aleutian 
Islands, and the north-west of America. I say ^ an extreme 
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distance/ because there is nowhere on the globe, even including 
the icy regions, any spot on the surface of the sea which is more 
than 600 leagues from any land, and that the places of which I 
have been speaking, and at which different navigators seem as it 
were to have agreed together to see flashes of lightning, are at 
this distance from all the surrounding great lands. 

It should also be remarked, that probably the number of 
recorded cases may api)ear to be less than it really is, from the 
uncertainty in which we are often left by the expressions of 
navigators respecting the violent storms* and ^stormy weather* 
which they have such frequent occasion to mention. It is not 
easy to say what sailors mean by ^ storm.’ I think the follow- 
ing passage of Dixon may, however, throw some light on this 
point. 

On leaving Nootka he says : — 

“ ^ The 26th of September, 1780, towards three in the morn- 
ing, we had a great storm and heavy rain ; the claps of thunder 
were terrible, and the flashes of lightning so frequent and vivid 
that those of our people who were on deck were blinded by it 
for some time ; every flash of lightning left behind it a very 
disagreeable smell of sulphur. Towards six in the morning the 
storm abated.’ 

It is evident, that if the thunder and lightning had been 
more moderate, Dixon would have said nothing about them, 
and we should still have been in doubt as to what he meant by 
‘ storm.’ 

The following passages from Captain Mears’s voyages do 
leave us thus in doubt. Being in command of ^La Felice,’ 
proceeding in 1788 from Samboingan to the north-west coast of 
America, he experienced violent storms ; he says : — 

^‘^The weather continued stormy until the 17th of April, 
when the wind veered suddenly to E. S. E., and blew with in- 
creased violence.’ Further on he adds: ^On the morning of 
the 24th the wind veered to south and east, a sure sign of 
approaching stormy weatlier : at noon it blew so hard that we 
had to furl all our sails ; and, until three in the afternoon, suffered 
the most violent hurricane which we can ever remember having 
experienced. The birds had lef^ us from the beginning of the 
storm.^ 

Among all the narratives of voyages, I really can only find 
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tho^e of Dampier, Cook, La Peyrouse, Dixon, Vancouver, the 
* Uranie,^ and perhaps, also, the ^ Coquille,^ in which the 
occurrences of the phenomenon which we are now considering 
have been noticed with regularity. 

I remark that Captain Liitke, commanding the Russian cor- 
vette ^ Siniavine,’ having taken his scientific instructions in 
London in 1826, prior to his voyage of circumnavigation, has 
made the same omission as that with which you have justly 
taxed those who drew up the meteorological tables of the Royal 
Society of London, — having taken the trouble to indicate by 
particular signs the various meteorological phenomena, with the 
one unfortunate exception of thunder and lightning. 

In conclusion, I believe that there arc, both at sea and on 
land, parts of the earth where thunder never occurs ; but it 
must also be added, that there are parts of the ocean at the 

* The only occasion, within the Editor’s remembrance, in which the Royal 
Society, as a body, have published what might perhaps bc^called “ scientific 
instructions” for the use of travellers or residents in foreign countries, 
was the report drawn up on the occasion of the equipment of Sir James 
Clark Ross’s Antarctic Expedition, and of the British Magnetical and 
Meteorological Observatories, entitled “ Report of the Royal Society on the 
Objects of Scientific Inquiry in Physics and Meteorology.” Pages 46, 47. 
and 76. of this report contain both general and specific instructions for 
observing and recording the phenomena of thunderstorms ; and if the 
detailed instructions in the pages referred to on the subject of thunder 
and lightning may be deemed by some less full than might have been 
otherwise desirable, it may doubtless be ascribed to the circumstance of 
the then recent publication of M. Arago’s first edition of the “ Notice sur 
la Tonnerre,” the study of which was expressly recommended, copies 
being procured for that purpose and supplied to the expedition and to 
the colonial observatories. The meteorological journals kept at the latter 
establishments, published in extenso by the British Government, afford the 
best testimony that the recommendations of the Royal Society, in this 
respect, were not disregarded. If these journals have not received from 
M. Arago the same diligent and impartial examination of which the present 
essay affords so many proofs, it is doubtless because the volumes reached 
him when his eyesight had begun to fail. 

In respect to the late Admiral Liitke, Admiral Duperrey is mistaken in 
supposing that he either sought or received meteorological instructions in 
London, when the ** Siniavine ” put into Portsmouth, in 1826, on her passage 
from Russia to the South Seas. At Admiral Lutke’s request, the editor of 
this volume had prepared an mvariahle pendulum and some magnetical 
apparatus for him ; Admiral Liitke came to London for the purpose of re- 
ceiving, and of making his base obsex'vations with these, and in that work 
the Editor assisted him; but he can state on his own knowledge that 
Admiral Liitke neither made application for nor received instructions from 
the Royal Society regarding meteorology. — Editoe. 
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utmost distance from land where, nevertheless, thunder and 
lightning do occur. 

In regard to the question, whether in the temperate regions, 
as is the case in the torrid zone, thunderstorms are, generally- 
speaking, less frequent at a greater distance from land, I think 
it is difficult to offer a reply ; not only because the . voyages 
which we can consult are too few, but also beoauwse the chances 
are against each navigator being at any given point of tlic 
ocean on one of the twenty days which constitute the mean 
annual number of days of thunder observed on land in our 
latitudes. 

Excuse the length and want of method of which I am 
conscious in this letter, in which I perceive that the principal 
question on which you desired a solution, must still remain to 
be determined by more numci'ous observations in future, and by 
a profound examination. 

Receiv’^e, &c. &c., 

L. J. Dcjperuey.” 

Without discussing what arc the parts of the ocean where 
thunder never occurs, I consider that I may affirm positively 
the general diminution of thunderstorms at sea as compared 
with land. I find a decided j)roof of this diminution in the 
interesting account published by Captain Bougainville of his 
voyage. 

The Thetis, commanded by him, left the harbour of Touran, 
in Cochin .China, about the middle of February, 1825, and 
sailed to Sourabaya, at the north-east extremity of Java. 
During two months’ passage they had scarcely a single thunder- 
storm. While remaining in harbour, from the 19th to the 30th 
of April, thunder occurred without exception every afternoon. 
On the 1st of May, the Thetis sailed for Port Jackson. For 
several days she continued to be almost exactly on the parallel 
of Sourabaya ; nevertheless, no sooner had she lost sight of the 
land of Java than thunder ceased to be heard. The test * 
appears to me as complete as could be looked for, and the in- 
ference from it is extensively confirmed by observations col- 
lected in various parts of the world. We may therefore view 
the atmosphere of the ocean as far less suited to engender 
thunderstorms than that of continents and islands. 

Sixth Question . — What is, at the present time, the geogra- 
phical distribution of thunderstorms as respects frequency ? 
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The reply to this question ought fb consist of an extract 
from tables formed by meteorologists in all parts of the world. 
If such tables were more numerous, more complete, arid more 
precise, I should only have to make a mere compilation ; un- 
fortunately, my task has been less simple. Mere extracts from 
meteorological tables might lead to the most serious errors. 
One or two examples will show my meaning. 

The Meteorological Tables of the Royal Society of London 
liave long been cited as models. They contain, besides the 
daily observations of the thermometer and barometer, the quan- 
tity of rain measured, and the direction of the Avind, a minute 
indication of clear and cloudy days and of fogs and mists. 

Thunder is never, or scarcely ever mentioned. Seeing the 
great importance of this meteor as compared to other atmo- 
spheric phenomena wliich are scrupulously registered, one might 
be warranted in believing that thunder never occurs in London, 
whereas it is almost as frequent there as in Paris. It is only 
not mentioned in the tables, because the phenomenon did not 
receive the attention it deserved from those who drew uj) 
the tables, which have, therefore, always been in' this respect 
incomplete. 

Similar omissions are found in the collections of the Aca- 
demies of the United States of America ; Avherc they are the 
more inexcusable, because the number and Intensity of the 
thunderstorms in those countries much exceed what is observed 
in corresponding latitudes in Europe. The worst pai’t of these 
omissions or negligences (I will not use any harsher term), i^ 
that Avhen they are made without notice being given, science is 
exposed to be led astray. 

In the following table I have sought, as far ab possible, to 
report only observations on the exactness of ’Avhich I could 
depend. I have classified the different towns according to the 
number of their days of thunder, and not according to their 
latitudes, which would have given a very different result. 
Where I had the requisite data, I have indicated the distri- 
bution of thunderstorms in the different months of the year by 
numbers, integers and fractions. It is right that I should 

* If it should be asked how fractions corae to be employed in a case 
which at first sight appears to admit only of whole numbers, the answer is a 
very simple one : 0*3 placed opposite to February, means that in that month 
thunder takes place 8 times in 10 years; 0*1 opposite to jN ovember indicates 
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postpone any nunute discussion on these various figures until 
it shall have been possible to render the table far more com- 
plete. The interest attaching to such a discussion cannot be 
doubted by any one who will take the trouble of remarking 
that) without going beyond the limits of the temperate zone, 
the months when thunder is most frequent in some places are 
precisely those when it is least frequent in others. 


§ 1 . 

Calcutta (lat. 20® 30' N. ; long. 88° E.). One 
year’s observations only ( 1785). 

of Days 
of Thunder. 


Jan. - 

Days. 

- 0 

]May - 

Days. 

- 7 

Sept. - 

Da} 8. 

- 9^ 

Feb. - 

- 4 

June 

- 8 

Oct. - 

- 5 

March 

- 6 

J uly - 

- 6 

!N ov. - 

- 0 " 

April - 

. 5 

August 

. 10 

Dec. - 

- 0 


§ 2 . 

Patna, in India (lat« 25° 37' N.). One year’s 
observation by JMr, Lind - - - - 53*0 

These 53 days of thunder were from May to 
December inclusive. 


§3. 


, Rio Janeiro (lat. 23° S. ; long. 43° W.). Six 
years’ observations by M. Dorta (1782 — 1787). 

# Extremes; 38 days in 1786, and 77 days in 1782, 


Jan. • 

Days. 

- 10*2 

May 

Days. 

- 0*8 

Sept. 

Days. 
- 2-8' 

Feb. 

- 9*3 

June 

- 0-7 

Oct. 

. 3*7 

March 

- 4*0 

July 

- 1*3 

Nov. 

- 60 

.April 

• 1-7 

August 

- 1*1 

Dec. 

- 9*0 


§4. 

Maryland, U. S. (lat. 39° N. ; long. 77° W.)# 


that in the same interval of 10 years thunder has only occurred on one day 
in the month of November, &c. &c. To find the mean number of days of 
thunder in September at Paris between 1806 and 1815, all the cases of 
thunder occurring in the month of September during those ten years are 
added up. Their sum total is 15, and that sum divided by 10 gives the 
broken number 1*5. . 
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Only one year’s observatidlis ' by Mr. Eichard 
Brooke: — 


Annual dumber 
of Days 
of Thunder, 


Jan. - 

Days. 

- 0 

May 

Day<. 

. 10 

Sept. - 

Days. 

- O' 

Feb. - 

- 0 

June 

- 8 

Oct. - 

- 1 

March 

- 5 

July 

- 11 

Nov, - 

- 0 " 

April - 

- 1 

Aug. 

. 5 

Dec. - 

- 0 


§ 5 , 


Island of Martinique (lat. 14® 30'; long. #1° W.) =39’0 

It never thunders in January, February, March, . . 

and December. Thunder most frequent in Sep- 
tember. 


§ 6 , 


Abyssinia (lat, 13° N. ; long. 37° E.) 
A single year’s observations by Bruce. 



Days. 


Days. 


Days. 

Jan. - 

- 0 

May - 

- 6 

Sept. - 

- 4' 

Feb. - 

-.0 

June - 

- 7 

Oct. - 

- 4 

March 

- 4 

July - 

- 3 

Nov. - 

- 0 

April - 

- 4 

• 

Aug. - 

- 6 

§7. 

Dec. - 

- oj 


Island of Guaclaloupe(lat. 16°20'; long. 61°40' W.) == 37*0 

No thunder in January, February, March, and 
December. Thunder most frequent in September. 


§ 8 . 


Viviers (Dep*. de I’Ardeche), (lat. 47° 30' ; long. 
4° 40' E.) Ten years, from 1807 to 1816. 
Extremes; 14 in 1814; 35 in 181 J. 


Jan.- 

Days. 

- 0-0 

May 

Days, 

- 40 

Sept. 

Days. 

. 3 -r 

Feb, 

- 01 

June 

- 3*4 

Oct. - 

- 2-2 

March 

- 0-6 

July 

- 5-1 

Nov. 

- 0-6 

April 

. 2*2 

Aug. 

- 3*4 

Dec. 

1 

0 

6 


. § 9. 

Quebec (Canada), lat. 46° 45'; long. 71° W. 



Days. 


Days. 


Days. 

Jan.- 

- 00 

May 

- 2-5 

Sept. 

10 

Feb. 

- 00 

June 

- 5-5 

Oct. 

0-5 

March 

- 00 

July 

-,8*0 

Nov. 

0*1 

April 

- 0*6 

Aug. 

- 50 

K 

Dec. 

01 
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§ 10 . 

Buenos Ayres (lat. 34® 30' S. ; long. Ss® 20' W.) 
Seven years’ observations by M. Mossotti. 



Days 


Days. 


Days. 

Jan.- 

- 19 

May 

. 1-7 

Sept. 

- 2 * 9 '' 

Feb. 

- 20 

June 

- 1*1 

Oct. - , 

- 2*3 ! 

March 

- 21 

July 

- 1*3 

Kov. 

- 1-8 1 

April 

- 1-8 


- 1*0 

§ 11 . 

Dec. 

- 2 0 j 


Denainvilliersj near Pitluvicrs (Loiret) (lat. 48® N. ; 
long. 2® 20' E.). Twenty-four years’ observations 
by Duliamel, between 1755 and 1780. 

Extremes: 15 days of thunder in 1765; 32 in 


1769. 

Jan.- 

Days. 

- 01 

May 

D.iys. 

- 3*6 

Sept. 

Day8\ 

. 1*5*' 

Feb. 

- 01 

June 

- 4*5 

Oct.. 

- 0*5 

March 

- 0*5 

July 

- 4*4 

Nov. 

. 0*3 " 

April 

. 1*6 

Aug. 

- 3-5 

Dec. 

- 0 0^ 

Smyrna (lat. 

38“ 30' 

§ 12. 

N. j long«27“ E.). 

Only 

one year’s observations by M. de Nerciat. 


Jan.- 

Days, 

- 2*0 

IMay 

Days. 

- 1-0 

Sept. 

Days. 

. 3*0" 

Feb. 

- 4*0 

June 

. 0*0 

Oct. . 

- 0*0 

March 

- 4*0 

July 

. 0*0 

Nov. 

- 1*0 " 

April 

- 1*0 

Aug. 

. 0*0 

Dec. 

. 30j 


§ 13. 


Berlin (lat. 52® 30' N. ; iong. 13® 20' E.). Fifteen 
years’ observations by Beguelin, from 1770 to 1785. 
Extremes: 11 days of thunder in 1780; 30 in 


1783. 

Jan. 

Days. 

- O'O 

May 

Days. 

- 2*6 

Sept. 

Days. 

- 1*3“ 

Feb. 

. 0*0 

J une 

- 3*9 

Oct. . 

- 0*1 

March 

- 0*1 

July 

. 4*2 

Nov. 

0*1 

April 

- 0*6 

Aug. 

. 5'3 

Dec. 

- 0*1 


§ 14 . . 

Padua (lat. 45® 20' N. ; long. 12® E.). Four 
years’ observations, from 1780 to 1783. 


Annual Number 
of Days 
of Thunder. 


= 22-5 


= 20-6 


= 19-0 


= 18-3 
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Jan. 

Days. 

- 00 

May 

Da>8. 

- 1*2 

Sept. 

Days. 

- 0*7' 

Feb, 

- 00 

June 

- 3-5 

Oct, 

- 1*0 

March 

- 1-2 

July 

- 3-5 

Nov. 

. 1*5 ^ 

April 

- 2-2 

Aug. 

2*5 

Dec. 

- 00 


§15. 

Strasbourg (lat. 48° 30' N. ; long.. 7° 50' E.) 
Twenty years’ observations by M. Herrenschneider 

Extremes: 6 days of thunder in 1818; 21 in 
1831. 

(I have no account of the distribution in the 
different months of the year.) 

§ 16 . 

Macstricht (lat. 51° N. ; long. 5° 40' E.). Eleven 
years’ observations by Mr. Crahay. 

Extremes: 8 days of thunder in 1823, and 27 in 
1826. 


Jan. 

Days. 

- 0*0 

May 

Days. 

- 2*5 

Sept. 

Days. 

- 1-4' 

Feb. 


June 

2*9 

Oct.- 

- 0*5 

March 

- 0*4 

July 

- 3*7 

Nov. 

- 01 

April 

- 1*5 

Aug. 

- 3*3 

Dec. 

- 01 


§ 17. 

La Chapelle, near Dieppe (lat. 50° N. ; long. 3° 
35' E.). Eighteen years’ observations, under the 
inspection of M. Nell dc Breautc, by M. Racine. 

Extremes: 6 days of thunder in 1820, and 23 in 
1828. 



Days. 

. 0*2 

May 

Days, 

- 2*6 

Sept 

Days. 

- 1*3" 

Feb. 

- 0*2 

June 

- 3*2 

Oct. 

- 0*7, 

March 

- 0*5 

July 

- 2*3 

Nov. 

- 0*8 ‘ 

April 

- 1*1 

Aug. 

- 1*8 

Dec. 

- 1*0 


§ 18. 

Toulouse (lat. 43° 30' N.; long. 1° 20' E.). 
Seven years’ observations, from 1784 to 1790 
Extremes: 4 days of thunder in 1784, and 24 in 
1788. 


Annual Number 
of Dayg 
of Thunder. 


=17*3 


= 17-0 


= 16-5 


= 15-7 


= 15-4 
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Annual Number 
of Days 
of Thunder. 


§ 19. 

Utrecht (lat. 52" N. ; long. 5" E.). Many yciurs’ 
observations, cited by Muschenbroek - - =15’0 

Extremes : 5 days of thunder in 1?40, and 23 in 
1737. 

§ 20 . 

Tubingen (iat. 48“ 30' N. ; long. 9“ E.). Nine 
years’ observations by Kraafft - - - = 14'6 

§ 21 . 

Paris (lat. 48° 50'; long. 2“ 20' E.). Nineteen 
years, from 1785 to 1803. 

Extremes; 7 days of thunder in 1796, and 22 in 


: 12‘2 


1794. 

Days. 

Days. 


Days. 

Jan. - 

1 

p 

- 1-8 

Sept, 

07' 

Feb. - 

- 0*1 June 

- 30 

Oct. - . - 

0-6 

March 

- 0*2 J uly 

- 2-5 

Nov. 

0*1 

April 

- 0’8 Aug. 

- 2-2 

Dec. 

0-lJ 

Ten 

years’ observations, from 1806 to 1815. 


Extremes : 8 days in 

1815, and 25 in 1811. 



Days. 

Days. 


Days. 

Jan.- 

- 0*0 May 

- 3*2 

Sept. 

1-5' 

Fel^ 

- 0’3 June 

- 31 

Oct. - 

0 7 

March 

- 0*1 July 

- 2-7 

Nov. 

0-1 1 

April 

- 0*5 Aug. 

- 2*4 

Dec. 

O'Sj 

Ten 

years, from 1816 to 1825. 



Extremes : 6 days in 

1823, and 22 in 1822. 



Days. 

Days. 

Days. 

Jan.- 

- 01 May 

- 30 

Sept. 

1*6' 

Feb. 

- 0 0 June 

- 2*8 

Oct. - 

0-3 

March 

- 0*5 July 

- 21 

Nov. 

0-2 

April 

- 1*0 Aug. 

- 1*5 

Dec. 

01 


= 14-9 


= 13-2 


Twelve years, 1826 — 1837. 


Jan.- 

Days, 

- 00 * 

May 

» Days. 

- 31 

Sept.' 

Days. 

- 1*2' 

Feb. 

- 01 

June 

- 2*9 

Oct. 

- 0*6 

March 

. 0*3 

July 

- 3*2 

Nov. 

- 0*0 ' 

April 

- 0*9 

Aug. 

- 2*2 

Dec. 

- 0*1 


:14-6 



THUNDER AND LI6HTNIN0. 


133 


M«an of the four series. 

Forty-one years from 1785 to 1803; and from 
1806 to 1837. 


Jan. - 

Days. 

- 0*1 

. May 

Day*. 

. 2*7 

Sept. 

Days. 

- 1*3] 

Feb. 

. 0*1 

June 

- 2*9 

Oct. 

- 0*5 1 

March 

- 0*3 

July 

. 2*6 

ISTov. 

- 01 1 

April 

- 0*8 

Aug. 

- 2*1 

Dec. 

- O'lJ 


§ 22 . 

Leyden (lat. 52° N. ; long. 4° 20' E.). Twenty- 
nine years’ observations by Muschenbroek. 

Extremes : 5 days of thunder in a year not speci- 
fied, and 17 in 1748. 


Days. Days. Days. 


Jan.- 

- 0*1 

May 

- 2*1 

Sept. 

. 10" 

Feb. 

- 0*4 

June 

- 2*7 

Oct. - 

- 0-3 

March 

- 0*2 

July 

. 2*9 

Nov. 

- 0*3 

April 

- 0*3 

Aug. 

- 2*9 

Dec. 

- 0*2^ 


§ 23. 

Athens (lat. 38° N. ; long. 23° 40' E.). Three 
years’ observations from 1833 to 1835 

Extremes: 7 days of thunder in 1835 and 18 in 
1834. 

§ 24. 

Polpero (coast of Cornwall), lat. 50° 20' N., 
long. 4° 10' W.). Twenty-three years’ observations 
by Jonathan Couch - - 


§ 25. 

Petersbourg (lat. 60° N., long. 30° 20' E.). Eleven 
years’ observations (from 1726 to 1736), by Kraafft. 


Days. Days. Day.s. 


Jan. - 

- 0*0 

May - 

- 2 7 

Sept. - 

- o-r 

Feb. - 

- 0*0 

June - 

- 2*1 

Oct. - 

- 0*0 

March 

- 0*0 

July - 

- 2*5 

Nov. - 

- 0*1 

April - 

- 0*7 

Aug. - 

- 0*9 

Dec. - 

- 0 * 0 ^ 


§ 26. 

London. Thirteen years’ observations by Mr. 
Howard, made at Plaistow, Clapfbn, and Totten- 
ham near London (from 1807 to 1822). 

Extremes: 5 days of thunder in 1819, and 13 
in 1809. 


Annual Number 
of Days 
of Thunder. 


= 13*6 


= 13-5 


= 11-0 


= 10-0 


K 3 
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Jan. - 

Days. 

- 00 

May - 

Days. 

- 1-8 

Sept. - 

Days. 

- 0*4' 

Annual Number 
of Days 
of ThutMler. 

Feb. . 

- 0-2 

June - 

- 1*4 

Oct. - 

. 0*1 

= 8-3 

March . 

r - 0-4 

July - 

. 20 

Nov. - 

- 0*2 

April 

- 0-4 

Aug. - 

- 1*3 

Dec. - 

- 01 



§27. 

Pekin (lat. 40° N., long. 116° 20 ' E.). Six years’ 
observations by the missionaries (from 1757 to 
1762). 

Extremes: 3 days of thunder in 1757, and 14 in 
1762. 



Days. 


Days. 


Days. 

Jan. - 

- 0*0 

May - 

- 0*5 

Sept. - 

- 0*3" 

Feb. - 

- 00 

June - 

. 2*0 

Oct. - 

- 0*1 

March 

- 0*0 

July 

- 1*7 

Nov. - 

- 00 

April 

- 0*2 

Aug. - 

- 10 

Dec. - 

- ooj 




§28. 



Cairo (lat. 30° 

N., long. 

3r20'E.). Two years’ 

observations by Dr. Dcstouchcs (X835 and 1836). 

Extremes : 3 days of thunder in 

1836, 

and 4 in 

1835). 







Days. 


Days. 


Days 

Jan. - 

- 10 

May - 

- 00 

Sept. - 

- 00' 

Feb. - 

- 00 

June - 

- 0*0 

Oct. - 

- 00 

March 

- 0*5 

July - 

. 00 

Nov. - 

- 0-5 

April 

- 10 

Aug. - 

- 0*0 

Dec. - 

- 0 *5 


CHAP. XXXIII. 

IN OUB CLIMATES HOW MANY PERSONS ARB STRUCK BT LIGHTNING 

IN EACH TEAR? 

In a statistical report drawn up by the desire of Government, 
and published in 1852, we find that sixty-nine persons are 
annually killed in France b^lightning. W e have reason to sup- 
pose this number to be below the truth, as there may be many 
such accidents of which the authorities are not informed and 
sometimes individuals, who have taken shelter under trees during 
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a storm, are killed by lightning without there being any indi- 
cations which suggest the cause of the catastrophe* 

I had for several years noted down all the cases of persons 
struck by lightning which came to my knowledge by the 
newspapers. In looking over the following list, of which the 
imperfection will be immediately obvious to every one, since 
it speaks only of accidents over a small portion of France, a 
better idea will be, formed of the errors by which the result 
published by official authority is liable to be affected. 

1841. 

May 6th. A man, at Lons-le-Saulnier. 

„ 8 th. A man, at Paris, on the bank of the Seine. 

„ „ A girl, at Lille. 

June 11th. A boy, near Tours. 

„ „ A man, at Montrevel (Ain). 

„ „ A man, at Neulise. 

„ 23rd. A man, near Ha 2 ebrouck. 

Sept. 25th. A young girl, at Valensole (Dr6me). 

„ „ A young girl, at Pierrelatte. 

„ „ Two men, at Buygny-Saint-Macloux. 

October. A man, near Nantes. 

1842. 

May. A man, near Rodez. 

June. Four persons in a boat, port of Marseilles. 

„ A man, near Bayonne. 

„ Three persons, who had taken shelter under a tree near Rouen. 

Aug. ^ 4th. Two persons, at Ille. 

„ „ A man, at Lusignan-le-Petifc. 

„ 26th. A man, at St. Jean-de-Criculon, near Vigan. 

„ 28th. A man, at Gonedic, near Saint-Brieuc. 

Sept. A man in bed, in the village of Vertaure (Haute Loire). 

1843. 

April. Two children, who had taken shelter under a tree, at Bougenais, 

, near Nantes. 

July 8th. Two children, at Braffe, near Tournay. 

„ „ Two persons, who had taken shelter under a tree, at Gen is 

(Perigord). 

„ 19th. A man, in the village of Roche Jean. 

Aug. 16th. Three persons, sheltered under a corn rick, at Riom. 

„ „ A man, at Arjjachon. 

„ 26th. A man, who had taken shelter under a tree, near Lille. 

Sept. Ist. A young girl, in the Commune of Aubarhde (Hautes Pyrenees). 

„ 9th. A man, who had taken shelter under a tree, at Camblannes. 

„ „ A man, at Metz. 

„ 10th. A man, who had taken shelter under a tree, near Senlis. 

K 4 
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1844. 

March. A man, near Douai. 

April 26th. A man, in the Commune of Masparraute. 

June. A man, at Moulins. 

„ 27th. A man, engaged in ringing a bell, at Sarliac. 

July. A man, sheltered under a tree, at Saussines (Gard). 

August. A young girl, at Iladel (V osges). 

„ A man, near Macon. 

Sept. A man, engaged in ringing a bell, at St. Robert (Correze). 

Oct. 5th. Three men, at Franceuil (Indre et Loire). 

„ 15th. A child, near Niort. 

„ „ A child, near Rochefort. 

„ 22nd. Eight men, at Sauve (Gard). 


1845. 

May 28th. A man, sheltered under a tree, near Montmarault (Allier). 

June. A man, near Soissons. 

„ A child, bourg du Peage (Drume). 

July. A man, near llonfleur. 

,, A man, at Saint Loubi^s. 

„ A man, sheltered under a tree, near Reims. 

„ 23rd. A child, near Toulouse. 

Aug. 19th. A man, at Saint-Desert. 

Sept. 5th. A man, ringing bells, near Toulouse. 

„ 7th. A man, near Orthez. 

October. A child, sheltered under a tree, at Doue (Maine et Loire). 


1846. 

May 7 til. A man, ringing a bell, at Cornille. 

June 4th. A'^man, sheltered under a tree, at Orignolles. 
„ lOtb. A woman, sheltered under a tree, at Pau. 

„ 15 til. Five men, at Donjon (Allier). 

„ 18th. A man, sheltered under a tree, at la Teste. 

„ „ A young girl, at Foissiat (Ain). 

July 6 til. A man, at Vinga. 

August. Four men, at Lovrciix (Indre). 

Sept. A man at Marsais (Charente Tnferieure). 

„ loth. A man at Arthes (llautes Pyrenees). 

„ 29th. A man, at Arles. 


1848. 

July 19th. A man, at St. Germain-des-Bois. 

• „ 20th. A woman, at Montrcuil. 

Aug. 10th. Two persons, at Montbard. 

1849. 

March 1st. Two men, sheltered under a tree, at Bazelat (Creuse). 

„ doth. A young girl, near Foix. 

April 10th. Two persons, at Puylouhier (Bouches du Rhone). 

„ 20th. A young girl, at Laprade. 
hlay. A man, at Lyons. 

„ A man, at Casseul (Gironde). 
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CHAP. XXXIV. 

AT WUAT SEASON ARB STROKES BY LIGHTNING MOST FREQUENT? 

While I am far from regarding proverbs and popular sayings 
in general, as constituting codes of national wisdom, I am, at 
the same time, disposed to think that physicists have been 
wrong in regarding with contempt those sayings or proverbs 
which refer to natural phenomena. It would, no doubt, be a 
great mistake to receive them blindly ; but it is no less so to 
reject them without examination. Guided by these principles 
I have sometimes found important truths where others had 
seen merely groundless and obstinate prejudices. I therefore 
thouglit it right to submit to a test from which no one has a 
right to appeal, — i. e.y that of observation, — a country aphorism 
much opposed to more generally received opinions, to the effect 
that lightning is never more dangerous than in the cold 
season.” 

The method I have folbwed has been a very simple one. I 
took note of all the cases of strokes of lightning which I met 
with recorded by navigators, with their dates assigned, and 
have classed them according to the montlis in which they oc- 
curred. It is obviously necessary that such a tabic should be 
restricted to one hemisphere, as, on opposite sides of the equator, 
the same months correspond to opposite seasons. It was also 
desirable not to include in the field of inquiry the intertropical 
regions, where the different months differ very little from each 
other in respect to temperature. I avoid all these difficulties 
by restricting myself to the space comprised between the 
coasts of England and the shores of the Mediterranean inclu- 
sively. 

The following are the results : — 

January. 

# 

1749. The “ Dover,” an English merchantman, on the 9th ; in lat. 47® 30' N., 
long. 20° W. 

1762. “ The Bellona,” an English 74; day, lat., and long, wanting. 

1784. “The Thisbe,” English man-of-war (Irish coast) on the 3rd. 

1814. “The Mitford,” English ship^of-the-line (in the port of Plymouth) ; 
day not specified. 

1830. “The Etna,” “Madagascar,” and “ Mosquito,” English ships-of-war 
(near Corfu) ; day not specified. 
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FEBRUi:Br. 

1799. “The Cambrian,” English man-of-war, on the 22iid (near Plymouth). 
„ “ The Terrible,” English ship-of-the-line, On the . 23rd (near the 

English coast). 

1809. “The Warren Hastings,” English ship-of-the-line, on the 14th (at 
Portsmouth). 

1812. Three (French) ships-of-the-line, on the 23rd (at Lorient). 

March. 

1824. “The Lydia,” of Liverpool, on the 23rd (in her passage from Liver- 
pool to Mi^amichi). 


April. 

1811. “The Indefatigable,” “ Warley,” “Perseverance,” and “Warren 
Hastings,” English vessels proceeding in company, on the 20th ; 
lat. 46° N., long. 9° W. 

1824. “ The Hannibal,” of B /ston, on the 22nd ; lat. 46° N., long. 38° W. 

„ “ The Hopewell,” English merchantman, on the 22nd ; lat. 40° 30' N., 

long. ?. 

„ “ The Penelope,” of Liverpool, on the 22nd ; lat. 46° N., long. 37° W. 

1827. “The New York,” packet of dOO tons, on the 19th; lat. 38° 9' N., 
long. 59° W. (in a passage from New York to Liverpool). 

May. 


June. 


July. 

1681. “ The Albemarle,” an English vessel, day not specified, near Cape 
Cod; lat. 42° N. 

1830. “The Gloucester” and “The Melville,” English ships-of-the-line 
(exact date not specified, but in the summer), near Malta. 

August. 

1808. “The Sultan,” English ship-of-the-line, on the 12th, Port Mahon. 

’ September. 

1813. Five out of thirteen ships-of-the-line, under Admiral Lord Exmoutb, 
on the 2nd, at the. mouth of the Rhone. 

1822. “ The Amphion,” of New York, on the 21st, not far from New York. 

October. ^ 

1795. “The Russell,” English ship-of-the-line, on the 5th, near Belle He. . 

1813, “The Barfleur,” English ship of 98 guns, at the end of the month, in 
the Mediterranean. 
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November. 

1696. “ The Trumbull,” English galley, on the 26th, harbour of Smyrna. 
1723. “The Leipsic,” Austrian frigate, on the 12th, near Cephalonia. 

1811. “The Belle lie,” Liverpool brig, day not specified, at Bideford, in. 
Devonshire. 

1832. “The Southampton,” English ship-of-the-line, on the 5th, in the 
Downs. 


December. 

« 

1778. “The Atlas,” East India Company’s ship, on the 31st, at anchor in 
the Thames. 

1820. “ Le Coquin,” French vessel, on the 25th, in the Bay of Naples. 

1828. “ The Roebuck,” English cutter, day not specified, at Portsmouth. 
1832. “ The Logan,” of New York, on the 19th, in the passage from Sa- 
vannah to Liverpool. 

On running the eye down this list, and recollecting at the 
same time how much more frequently thunder-storms occur in 
summer than in. winter, it seems difficult not to admit that, at 
sea at least, the thunder and lightning of the warm months 
are much less dangerous than those of the cold and temperate 
portions of the year. To myself this result appears to be 
actually established by the evidence we possess ; nevertheless, 
I should have wished to support it by more complete statistics, 
but the documents arc wanting. I may add that it has not 
depended on me that so small a number of French ships have 
appeared in the list. For the English vessels I have had the 
advantage of being able to cite the instances collected in Mr. 
Snow Harris’s excellent Memoirs on Lightning Conductors.” 


CHAP. "XXXV. 

LIGHTNING CHIEFLY STRIKES ELEVATED POINTS. 

All other circumstances being equal, the highest points arc 
those which lightning strikes by preference. Certainly it would 
not be difficult to cite, in opposition to this general rule, par- 
ticular instances whose causes have remained concealed in the 
masonry of buildings, or in the interior of the earth ; but, never- 
theless, no one who has taken note, in any given locality, of the 
occasions in which the spires of neighbouring villages on the 
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one hand, and on the other the lower surrounding habita- 
tions, have been struck by lightning, will be otherwise than 
disposed to recognise the truth of the statement placed at the 
head of this short chapter. 


‘CHAP. XXXVL 

LIGHTNING SEEKS OUT BY PREFERENCE METALLIC SUBSTANCES, 
WHETHER EXTERNAL OR CONCEALED, WHICH ARE EITHER AT OR 
NEAR THE POINT TOWARDS WHICH IT FALLS, OR NEAR ITS SUB- 
SEQUENT SERPENTINE COURSE. 

It is only as It enters metallic bodies, or at the moment of 
(quitting them, that lightning produces much damage. 

Of all the properties of lightning these are undeniably the 
most important to us in their results. It will not therefore be 
thought surprising that I have sought to establish them on the 
foundation of numerous observations which, by the variety of 
the attendant circumstances, can leave no room for doubt. 

§ 1 . 

There can scarcely be a more instructive example of the 
property which metals possess of attracting to themselves the 
whole, or almost the whole, of the fulminating matter with 
which they may be suddenly surrounded, than is afforded 
by the stroke of lightning, cited in a previous chapter, which, 
in 1754, caused so much damage to the immense timber spire 
or tower of Newbury, in the United States. 

Lightning fell on the uppei^ part of the tower: the stroke 
must have been a violent one, since it shattered and threw to a 
distance a timber pyramid seventy feet high. After it had 
overthrown this heavy mass, the lightning found on its path a 
metallic wire which connected the clapper of the bell with the 
wheelwork of the clock, twenty feet lower down, and threw it- 
self entirely, or almost entirely, upon this wire, which it melted 
HI some parts. I justify the words entirely, or almost entirely^ 
by the statement, that for this length of twenty feet the sur- 
rounding timber of the tower suffered absolutely no injury, 
although the lightning was far from having exhausted its powers 
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on the upper pyramid, as is clearly shown by the damage which 
it did in continuing its descending course beyond the place 
where the wire stopped. 

As soon as it had reached the lower end of the wire, %e 
lightning threw itself afresh on the timber of the tower, and 
injured it considerably. On reaching the ground, its force was 
still such, that it tore up several stones from the foundations of 
the building, and projected them to somc/listance. 

§ 2 . 

During the night of the 17th of July, 1767, lightning fell at 
Paris on a house in the Hue Plumet and visited the different 
parts of it. In one room there were several picture frames ; 
the lightning only attacked the one which was gilt. A tin 
lantern and two bottles of very thin glass stood on the same 
table; tlie lantern was demolished and actually melted, while 
the two bottles were untouched. In another room an iron stove 
was broken to pieces, while n ^ other damage was perceived in 
the room. In another part of the house was a wooden box 
containing many iron articles; the lightning broke the box, and 
caused the articles to present evident marks of fusion, but did 
not cause to ignite half a pound of gunpowder contained in an 
open powder-flask placed among the metallic masses, 

§3. 

On the 15th of March, 1773, lightning fell at Naples on the 
house of Lord Tylncy. There was held there on that day a 
grand reception : the apartments contained not less than five 
hundred persons, not one of whom sustained any actual injury. 

On the following day, Saussure and Hamilton, who had both 
been present at the event, examined the rooms, and found that 
almost all the gilt parts had been affected. The gilt mouldings 
and cornices of the ceilings, metallic rods placed so as to protect 
the taj^estries from the conbict of furniture, the gilt portions of 
sofas and arm-chairs in contact with those rods, the gildings of 
the door-posts, and, lastly, the bell wires, had all suffered more 
or less by fusion, discoloration, or scaling off of the surface. 
As usual, the maximum of effect had taken place where the 
lightning in its course had met with interruptions in metallic 
continuity. 

A stroke of lightning capable of melting a bell wire is strong 
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enough to kill a man. Yet here, as we have said, no one was 
hurt. We have thus a sufficient proof that the fulminating 
matter or lightning, in passing through the nine rooms which 
foAed the suite of apartments, directed itself by preference, or 
almost in totality, to the metallic substances found in the dif- 
ferent rooms. 

§4. 

The above precise and characteristic facts justify my now 
passing to the consideration of ihstaiiGes which will show us the 
lightning evidently turning aside from its original path, in order 
to strike metallic masses situated behind, or even inside, large 
blocks of masonry. 

Lightning having struck a rather thick iron rod erected on 
Mi*. Raven’s house, in Carolina, U. S., afterwards ran along a 
wire carried down the outside of the house to connect the rod 
on the roof with an iron bar stuck in the ground. The light- 
ning in its descent melted all the part of the wire extending 
from the roof to the ground-story, w'ithout injuring in the least 
the wall down which the wire was carried. But at a point 
intermediate between the ceiling and the floor of the lower 
story things were changed ; from thence to the ground the wire 
was not melted, and at the spot where the fusion ceased the 
lightning altered its course altogether, and striking off at right 
angles made a rather large hole in the wall and entered the 
kitchen. 

The cause of this singular divergence Was readily perceived, 
wheYi it was remarked that -the hole in the wall was precisely 
on a level with the upper part of the barrel of a gun which had 
been left standing on the floor leaning against the wall. The 
gun barrel was uninjured, but the trigger was broken, and a 
little further on some damage was done in the fire-place. 

The circumstances of the fact above related lead to two prin- 
cipal conclusions. One is, that the action, whatever may be 
its nature, whereby metals draw to themselves the matter of 
lightning, may take place through walls ; the other is, that the 
amount of mass of metal is not without influence, and that, 
under some circumstances, lightning may quit a thin wire to 
seek out a massive rod, even at some distance. 

§5. 

In 1759, in the Island of Martinique, the detachment who 
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were conducting the English Captain Dibden aa a prisoner of 
war from Fort Royal to St. Pierre stopped for shelter from the 
rain under the wall of a small chapel, which had no tower or 
steeple. In this position two of the soldiers were struck dead 
by lightning, which at the same time tore ah opening, about five 
feet wide and above three feet high, in the part of the wall 
against which they were leaning. On examination it was found 
that the demolished part of the wall corresponded exactly to 
some massive iron bars inside the ^chapel, intended to support a 
tomb. Those of the party who had not hi^d the misfortune of 
fortuitously placing themselves opposite the pieces of metal sus- 
tained no injury. 

§ 6 - 

A very violent stroked of lightning, on the 10th of June, 
1764, struck and greatly damaged the fine steeple of St. Bride’s, 
in London ; its effects were immediately afterwards examined 
and described by William Watson and Edward Delaval. The 
most remarkable particulars were the following : — • 

The lightning first struck the weathercock, and from thence 
descended along the iron bar or sj^indle, almost entirely imbedded 
in the massive cut stones of which the steeple was formed. The 
spindle was 2 inches diameter and 20 feet long, and its lower 
end rested in a cavity 5 inches deep, hollowed out in the centre 
of the lowest of the cut stones. The bar was joined as solidly 
as possible to the stone by leaden soldering. 

Now what was the effect of the lightning on the spire forming 
the upper part of the steeple of St. Bride’s? 

It was to remove or slightly blacken a little of the gilding of 
the highest point of the copper cross on the summit, and to fuse 
here and there small portions of soldering. In its course of 
twenty feet along the iron bar it left no appreciable traces, 
either on the iron or on any part of the surrounding masonry ; 
but as soon as the contintiity of metal failed, the real damage 
began. The large block of cut stone, into the middle of which 
the lower end of the bar was soldered, showed, in the shivers 
which had been split off from it, and in the cracks formed in it, 
and running in every direction, manifest marks of a violent 
commotion. At the height of this stone there was formed in 
the side of the spire a very wide opening from within outwards, 
several large pieces of Portland stone being thrown off. From 
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thence the descent of the lightning seemed to have taken place 
by jumps from each iron bar or holdfast to the next. But in 
this kind of progress it must be remarked that , the lightning 
does not restrict itself to those metallic masses which are visible. 
The cramps or holdfasts, used in the thickness of the masonry 
to fix the stones to each other, were equally sought out by the 
lightning. In short, at or near the extremities of the various 
pieces of iron employed in the construction of the building, 
stones were cracked, ^plit, pulverised, displaced, and even pro- 
jected to a distance, while everywhere else there was either no 
damage, or none of any impovtance. The effects produced are 
as if the lightning -could only escape from the extremities of the 
metallic pieces of which it had taken possession by a violent 
effort, destructive of everything around. , 

§ 7 . 

This property of fulminating matter or lightning, whereby it 
seeks out metals and throws itself on them in gi’cat strength, 
even through thick masses of stone with which they may be 
covered, and which on quitting the metal it rends away, is too 
important and interesting, more especially on account of the 
applicfitions of which it is susceptible, for me to scriqile adding 
another fact to the preceding. 

In 1767, lightning entered a house in the Rue Plumet, at 
Paris, by a stack of chimneys. Its action inside the house has 
been already described. On the outside the whole damage was 
concentrated on a single part, which yet was not the highest or 
the most exposed ; the entablature was completely demolished, 
and thrown to a considerable distance. When the pieces of 
iron which the entablature had previously concealed, being thus 
laid bare, were seen, it was perceived that they had been the 
principal cause of an effect which must otherwise have appeared 
quite inexplicable, as regards the place wliere it occurred and 
the degree of intensity. 


§ 8 . 

We have seen lightning, which was completely harmless 
while running down a continuous iron rod, manifest itself on 
issuing from the end of the rod by the fracture, pulverisation, 
and projection to a distance of the solid materials which sur- 
rounded the extremity or point of issue. These fractured. 
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pulverised and overthrown, or demolished materials, were, gene- 
rally speaking, blocks of cut stone or other masonry. Would 
exactly the same effects have been observed with different sub- 
stances? Are there bodies into which lightning, on issuing 
from a metal, may pass without breaking or destroying any- 
thing ? Is common earth one of such bodies ? 

When an iron rod struck by lightning has its lower extremity 
sunk inl^he earth, there arc two different cases to be considered. 
If the earth is dry the lightning on issuing from the rod only 
penetrates into it by a kind of explosion, producing effects 
analogous to those occurring in masses of masonry and blocks 
of cut stone. But if, on the contrary, the earth is very moist, 
the lightning passes into it quietly, silently, and harmlessly, 
without any appreciable mechanical effects. Moist earth (and 
of course, therefore, for tlic same reason, water without esfrth) 
allows the fulminating matter, escaping from the metallic bars 
with which they are in contact, to pass through it nearly in 
the same manner as it woidd have done through a prolongation 
of the same bars or rods, or through other metallic masses in 
contact with them. 1 will cite a few facts in support of these 
assertions. 

On the 28th of August, 1760, lightning struck an iron bar 
erected (as part of a lightning conductor) on the house of 
Mr. Maine, in the United States, and partially fused it. The 
bar went down to the ground and entered the earth, but not 
sufficiently deeply, and into earth not sufficiently humid. In 
consequence, the lightning in quitting the bar did not do so 
without an explosion, causing holes and other displacements in 
the dry earth, and throwing itself in part on the foundations of‘ 
the house, whore it did some slight injury. 

On the 5th of September, 1779, at Manhcim, lightning 
struck an iron bar rising vertically above the roof of the house 
of the Saxon ambassador and continuing without interruption 
along the roof and down one of the walls to the ground. The 
earth, however, into which, the lower part of the conductor 
was sunk, was not very moist, and the lightning in quitting it 
caused a whirl of sand, which was seen at the moment by 
several persons, and of which evident traces were afterwards 
found. 

Mechanical effects are not the only means of proving that 
ground but little humid possesses only in a very imperfect 

L 



146 METEOUOLOGICAL ESSAYS. 

degree the property of carrying off from metallic bars the ful- 
minating matter with which they may be charged. Phenomena 
of light often lead to the same result. 

An iron bar, an inch and a quarter or an inch and a half 
.square, whatever may be its length, conducts the most violent 
stroke of lightning, transmits it quietly to the earth, and dis- 
perses it there — providing the earth is moist — without any 
luminous appearance anywhere. Supposing the earth, on the 
contrary, to be dry, the bar at the moment of the explosion 
will be seen radiant with light. Moisten only the surface of 
the ground, and that surface will appear on fire. Thus light- 
ning struck the iron bar or conductor, of which the upper 
extremity rose above Mr. West’s house in Philadelphia, and 
the lower end of which went down to a depth of five feet into 
imperfectly moist earth. Violent rain, which was falling at the 
time, had wetted the pavement, and at the moment of the 
explosion vivid furrows of flame flashed across the wet pave- 
ment for a, distance of many yards. 


CHAP. XXXVII. 

EXPLANATIONS, REMARKS,. AND VIEWS SUGGESTED BY THE COLLATION 
OF TUB PRECEDING OBSERVATIONS, 

Before we proceed to dis^ciiss the different methods whicli 
have been proposed for the most efficient protection against 
lightning, let us look back on "the long course which we have 
been passing over ; not, assuredly, with the view of deriving 
from what has been said a theory wherein all the phenomena 
described shall fall at once into due place, but with the far 
more modest hope of arriving, by means of inter-comparison, 
and the light which the phenomena may be made to throw on 
each other, at the discovery of some truths, which the examina- 
tion of each fact taken singly has not yet disclosed to us. 

From the most ancient times it has been known that sound 
is not a material substance. Aristotle, for example, had per- 
fectly recognised that sound results from simple undulations of 
the common air. At the present day the same may be unhesi- 
tatingly said of light with a single modification. Light is also 
a consequence of undulatory movement, — not of the air, but of 
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a certain extremely rare and highly elastic medium, filling the 
whole universe, and which it has been agreed to call etherl 

Is the phenomenon of which we have been treating (that of 
Thunder and Lightning), which manifests itself almost always 
simultaneously by light and by sound, to be classed in the same 
category ? Although a declared partisan of the theory of lumi- 
nous undulations, I own that on the above question I remain in 
a state of complete indecision. 

When I view Mr. Wheatstone’s experiments as perfectly 
assured, and when my attention rests on the incomparable 
rapidity with which lightning traverses the aerial regions, and 
the solid bodies through which it is propagated at the surface of 
the earth, I feel little inclined to imagine it composed of material 
molecules, or of a mass of very small projectiles: undulations 
seem far more accordant with such velocities. But then again my 
mind reverts to those great mechanical effects — to the actual 
removal of material masses of considerable weight — effected by 
strokes of lightning. If I then recaf to my recollection that in 
experiments in which by the methods of proceeding the test 
applied has been of exceeding delicacy, without the slightest 
deviation being obtained, — when oj)erating, for example, with 
levers suspended in a vacuum to spiders’ threads, and with light 
concentrated in the focus of the largest mirrors or the largest 
lenses, — all my doubts arc renewed, and the idea of fulminating 
undulations presents itself to me encumbered with ten thousand 
diflSculties. 

Let us, however, now proceed to a rapid examination of the 
principal phenomena which have been described. 

§ 1. Lightning. 

The Etruscans, whose knowledge of lightning, as connected 
with the supposed science of augury, was celebrated by all 
antiquity, distinguished three kinds : one was harmless lightning, 
directing attention to celestial indications ; the second produced 
a certain amount of damage ; the third was a destructive fire, 
inflicting death on individuals, ravaging kingdoms, and leaving 
nothing wliich it encountered in its original condition. 

Jupiter sent forth the first kind at his pleasure; he might 
not- dart the second without the assent of a council composed of 
twelve gods ; and the third imperatively required a decree from 
the higher divinities. 
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It is difficult to conceive how nations^ among whom such 
ideas *as these prevailed, should have thought there was any 
necessity for inquiring how thunder and lightning were engen- 
dered in clouds, how the light was formed, and how the noise 
was produced. Yet these questions occupy a large space in the 
treatises of Aristotle, the poem of Lucretius, the writings of 
Pliny, and the ^^Natura3 Qua3stiones” of Seneca. The. last- 
named philosopher has summed up in a few words the opinions, 
more or less dii^siniilar in form, but very analogous in substance, 
of the physicists of antiquity concerning the origin of lightning. 

Fire is engendered by the percussion of steel on a suitable 
stone, or by the mutual friction of two pieces of wood. It may 
then be, thatolouds, being borne along by the wind, inflame in 
the same manner by means of percussion or friction.” (Queosf, 
Nat lib. ii. § 22.) 

I would invite those who might be disposed to regard with 
too much disdain the above certainly very forced analogy or 
assimilation, to remark how many blanks the centuries which 
have since elapsed have still left to be supplied in the desired 
explanation of the plienouieiion which the celebrated author had 
in view. 

F ulminating matter (so to call it for the preseqt), notwdth- 
stancling what the rapidity of its propagation might have led us 
to think, does not move with indefinite freedom through solid 
bodies. The fractures and transportations which it occcasions 
are an evident proof of this. It might be said. What, then, 
could be more natural than to suppose that in traversing atmo- 
spheric air, this fulminating matter drives the molecules of which 
the air is composed before it, and that hence there result succes- 
sive compressions throughout the entire course ? Compressions 
^f some little strength, as the pneumatic-light apparatus proves, 
are always accompanied by a disengagement of light ; the course 
of the fulminating matter ought therefore to be marked, as it is, 
by a line of light. , 

The reasoning seems well connected ; it is, liowcA cr, open to 
more than one objection. 

If, at each point of the track passed over by the lightning, it 
is necessary for the disengagement of a little light that certain 
volumes of dense air should be very sensibly compressed, it is 
difficult to conceive how* all these displacements of molecules 
can be reconciled with the exceeding velocity of propagation of 
lightning given by Mr. Wheatstone’s experiments. 
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The analogy borrowed from the pneumatic-light apparatus is 
defective in its very foundation. Atmospheric air is not alone 
concerned in the case with which the comparison is made. M. 
Thenard’s experiments prove that if we operate with a perfectly 
clean barrel of an air pump, and with a piston of felt, moistened 
not with any oily or fatty substance, but simply with pure 
water, the compression is not accompanied by light. The light 
appealed to was therefore probably only produced in the syringe 
by such substances taking fire, in consequence ofthe disengage- 
ment of heat always occasioned by any strong gaseous compres- 
sion. 

The zigzag course of lightning has always appeared so sur- 
prising that person^ have been disposed to regard these apparent 
zigzags as mere illusions, as the result of irregular refractions 
of the rays of light occasioned by the clouds, pr atniosphcric 
vapours. {Log an ^ Phil. Trans. ^ vol. xxxix.) 

Astronomers, who liave such frequent opportunities of observ- 
ing the heavenly bodies through vapours or clouds without 
seeing their position altered from what it would* have appeared 
If tlic air had been clear, can hardly consider it needful to give 
a serious refutation of so strange an idea. * 

A flash of lightning with zigzags forming very acute angles, 
or a bicusjiidate or tricuspidate flash, are so strongly contrasted 
with the regular curves followed by bodies under the Influence 
of accelerating forces, that one feels at first unwilling to admit 
that such a flash marks out in the air places occupied in suc- 
cession by one and the same substance. Let lightning, on the 
other hand, be supposed to be not a body but an undulation; 
and when so viewed, the double, triple, or multiple refractions 
which the luminous undulations undergo in certain crystals, 
})resent striking analogies with which it is possible for the mi^ 
to feel satisfied ; we have only to remember that the atmosphere 
contains a great variety of exhalations, and espedially aqueous 
vapour, irregularly disseminated, which may opi)ose unequal 
resistance in different directions. 

The globidar lightnings of which I have cited so many 
examples, and which are so remarkable, first for the slowness 
and uncertainty of their movements, and next for the extent of 
the damage which they occasion in exploding, appear to. me tn 
be at present one of the most inex2)licable problems within the 
range of physics. 
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These balls, or globes, of fire seem to be agglomerations of 
ponderable substances, strongly impregnated with the matter of 
lightnings How are such agglomerations formed ? In what 
regions are they produced ? Whence are derived the substances 
of which they are composed ? What is their nature ? Why 
do they sometimes pause for some time in their course, and 
are afterwards precipitated with great rapidity? &c. &c. To 
all these questions science, as yet, returns no answer. 

Lightning in traversing the atmosphere determines here and 
there a combination of its two gaseous elements, transforming 
them into nitric acid. May it not then be possible that the 
same action may sometimes effect instantaneously a kind of 
semi-union of substances of any sort which may exist in a cer- 
tain volume of air ? Should this conjecture, which, be it well 
understood, I present only as such, appear inadmissible, I would, 
however, remark that M. Fusinieri declares that he has always 
found metallic iron, iron in different degrees of oxidation, and 
sulphur, in the pulverulent deposits surrounding the fissures 
through which lightning has forced a passage. Without cer- 
tainly wishing to resuscitate superannuated ideas respecting 

stone thunderbolts,”* I would remark that it is not proved that 
we ought to reject as false all the accounts which speak of 
strokes of lightning accompanied by the fall of material sub- 
stances. What is there to justify the following account, taken 
from the works of Boyle, being treated as fictitious ? 

In July, 1681, near Cape Cod, the English ship ^Albemarle’ 
was much damaged by lightning. The stroke of lightning was 
followed by a bituminous substance, which burnt with a smell 

* The so-called thunderstones,” or stone “thunderbolts,” revered by 
certain nations, were generally in shape like a wedge, a hatcliet, or like an 
%jprow or lance-head. There is no reason to doubt thal they were really 
fashioned by men’s hands, since we find perfectly similar objects among the 
tools and weapons of the natives of America, and know how they manufac- 
ture them. Our own continent was also formerly inhabited by savage 
nations. The same wants, and the same scarcity of iron, would naturally 
lead to similar articles being made ; and when the art of working in metals 
improved, and supplied instruments far better adapted for use, as being far 
more sharp and convenient, the stone ones were superseded and abandoned ; 
and it is not surprising that many of them should have been preserved 
almost uninjured in the ground. 

Such stones have also been found imbedded in trunks of trees, and it used 
to be said that they had been introduced there by violent thunderstrokes, 
their presence being otherwise inexplicable. In this way of reasoning the 
same might have been said of toadg, and of ancient coins, which have been 
found by woodcutters in similar situations. 
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resembling that of gunpowder, falling into the stern boat. It 
burnt itself out where it fell, after vain attempts had been made 
either . to extinguish it with water, or to throw it overboard with 
wooden poles.” 

Let us next inquire into the nature of heat,”- or summer”- 
lightnings, which take place in clear nights. 

Seneca says, In the calmest night, and even while the stars 
are shining, lightning is seen to flash ; but,” he adds, in such 
case you may be sure that at the place from whence the light- 
ning comes, there are clouds which the spherical form ojF the 
earth hides from our vicAv. T^e flash darting upwards appears 
in the clear and serene part of the sky, although formed in a 
dark cloud.” ( Q,u<bsU Nat lib. ii. § 60.) 

Lozeran de Fesc also, in his dissertation on thunder, which 
gained a prize from the Academy of Bordeaux, in 1726, did 
not regard heat-lightnings as primordial, or as an original 
phenomenon, but as the reverberation or reflection from atmo- 
spheric strata, of more or less elevation, of ordinary lightnings 
originating in a thunderstorm, of which the direct view was 
intercepted by the earth’s spherical form. 

This explanation is a very simple one, and has been adopted 
by most physicists. What, indeed, can be more natural than 
to attribute to the atmosphere a certain degree of reflecting 
power ? Is it not from this that twilight is reflected long before 
the sun has risen and long after he has set ? 

This reasoning might be open to some doubts, derived from 
considerations of quantity. Might it not be said that the 
atmosphere, although a sufficiently good reflector to send back 
to us the crepuscular light proceeding from the sun, cannot 
return to us any sensible amount of light from the compara- 
tively very feeble strength of lightning? The following remarks 
may afford an answer to this doubt. 

In 1739, in the course of experiments on the velocity of 
sound, Cassini and Lacaille saw in the air the light of the 
flash of the gun fired at the foot of the lighthouse of Cette, 
although at the stations where they had taken up their posts, 
the town and the lighthouse were entirely concealed from them 
by intervening objects, such as the mountain of St. Bauzeli, 
&c. In 1803, M. de Zactf was having powder signals made on 
the suyimit of the Brocken, in the Hartz, for the determination 
of differences of longitude. Observers, stationed on the Ken- 
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lenberg,' more than sixty Jeagues distant, saw the flash of from 
six to ejght ounces of j^wdl^r, fired in the open air, for each 
signal, although the Brocken itself, by reason of the earth’s 
figure, cannot be seen from the Kenlenberg. Lastly, I will add 
that at Paris, when the gun in the low battery of the Invalides 
is fired, an observer in the Jardin du Luxembourg, in the walks 
near the Rue de I’Enfer, from which one cannot see any of the 
different stories of the building, nor even the lofty summit of 
its dome, perceives in the air, at each discharge, a light, which 
extends to the zenith and beyond. 

If the fiiint light resulting fijpm the ignition of such small 
quantities of powder is thuS distinctly reflected, may we not 
expect that this will be much more the case with the infinitely 
more vivid lirfit of some Ho’htnino:? 

We have certainly said enough to establish the possible, and 
some may think tlie probable, truth of the explanation referred 
to. There is, however, sometliing more to be done ; we must 
try to give to this explanation of the phenomenon of sheet 
lightning’^ the character which belongs in most cases to modern 
scientific theories. We have still to pass from a conjecture” 
to a real demonstration. TJie two oases which arc sul)joined 
offer, as it appears to mo, a combination of all the conditions to 
he desii’ed. I find one in De Saussure’s Travels, and the other 
ill Luke Howard’s two volumes of Meteorology. 

On the night between the 10th and 11th of July, 1783, the 
illustrious historian of the Alps Avas at the Hospice of tlic 
Grimscl : the weather ivas calm, and the sky serene and clear. 
However, in looking in the direction of Geneva, he saw on the 
horizon some hands of clouds, from which* issued flashes of 
lightning which appeared to be absolutely unattended by any 
sound. That same niglit, and at the same moment, the town of 
Geneva w5fe experiencing the most dreadful thunderstorm which 
the inhabitants had ever witnessed. 

On the 31st of July, 1813, Mr. Howard, saw from Tottenham, 
near London, faint heat-lightnings on the south-east horizon. 
The stkrs ivere shining in a perfectly cloudless sky. Mr. 
Howard heard soon afterwards from his brother, who was on 
the coast, that on the same night, and simultaneously with the 
silent lightnings at Tottenham, there Vas seen from Hastings a 
violent storm on the French side of the Channel, over the space 
extending from Dunkirk to Calais. Thus the lightning of which 
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the faint light was seen in the ati^sj^l^^e of London had been 
produced in clouds nearly fifty^||fig&||i?dista^^ 

But the having proved th^i heal-lightnings are sometimes 
reflected lightnings, does not prove that this is always their 
origin. Those who believe that a sky perfectly serene is often 
traversed by direct lightning spontaneously produced in an un- 
clouded atmosphere, may support their opinion by the remark 
that at Paris, for example, heat-lightnings are often seen during 
entire nights, and from all quarters of the horizon, while yet 
clouds have not supervened; so long a continuance of a sort of 
oasis of serenity amidst surrQunding disturbances, seems, it must 
be admitted, improbable. 

When there shall be as . many meteorological observers dis- 
persed over the surface of a conntry as science requires, it will 
be easily discovered from the comparison of tlicir journals, 
whether the heat-lightnings seen in a given place were or were 
not the reflection or reverberation of lightning belonging to a 
distant thunderstorm. Meanwhile, I think it may not be im^ 
possible to detennine the question by observations ‘ at a single 
place, by a single observer, aud at the moment of the occurrence 
of the phenomenon. 

The ‘instrument wliich I would propose is not a complicated 
one. It consists of a tube twelve or fifteen Inches long, having 
at the end to be turned towards the lightning a cork perforated 
with a circular aperture of a few« millimetres. This aperture 
is to be covered with a plate of rock crystal, with parallel faces 
of about five or six millimetres, and cut perpendicularly to the 
sides of the hexaedral prism of the natural crystal. At the 
opposite, or eye, extremity of the tube, there should be an 
achromatic prism of carbonate of lime, or quartz, or any other 
crystal of double refraction. This prism is achromatised. 

If without the prism we were to direct the tube towards an 
object either self-radiant or merely illuminated, we should see 
a^ing^ circular disk more or less luminous. Through the 
doubly refracting prism we see two such disks. 

When the light of the observed object Is direct white light, 
the two disks appear- white. If, on the contrary, the original 
illuminating light only reaches the tube after have been reflected 
at some angle notably diflerent from 90°, the two disks arc 
differently coloured. If, for instance, one of the disks is red, the 
other will be green. The two tints arc changed as the, tube is 
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made to turn round its tois, but they are always complementary 
to each other, their, union produces white. 

The light reflected by atmospheric air has in the instrument 
just the same properties as if reflected from glass, or water, &c. ; 
direct the tube towards the clear sky and the two disks will 
appear in bright and vivid colours. It is only in a very narrow 
zone near the sun, and a still more circumscribed space oppo- 
site, that the colouring is insensible. 

It is hardly necessary to add a few lines of explanation of the 
manner in which the simple tube which has been described will 
lead to the desired solution of the question proposed. 

Let us suppose it to be night, the air serene, and occasional 
so-called heat-lightnings illuminating the sky from time to 
time. The tube is turned to the part of the sky where 
the lightnings are most frequent. The observer looks through 
it as through an ordinary telescope, and when a flash appears 
he immediately secs two bright disks. If these disks are 
white, or rather if they are both of the same tint as the 
lightning, it may be inferred with certainty that the observer 
has seen not reflected but direct light, not the reflection of a 
distant lightning from below the horizon, but the lightning it- 
self, produced in the part of the atmosphere above the horizon. 
If, on the contrary, the disks are coloured, it is a proof that the 
light of wliich the crystals in the tube have made a kind of 
analysis, is reflected light, proceeding from lightnings produced 
below the visible horizon. By measuring the intensity of the 
colour of tlic disks it might be possible to decide what atmo- 
spheric region these last-named lightnings occupied; but I 
must not at present permit myself to enter into minute details. 
It is suflicient to have shown the manner In which, by the aid of 
a very simple observation, the doubts which have been sug- 
gested on the subject of heat-lightnings may be dispelled. . 

If the supposition of silent lightnings produced in clouds is 
now little in vogue, it is because in the only tolerably p^usij|je 
explanation of the phenomena of thunder and lightning which 
has been propounded, the sound would result at least as 
inevitably as the light from the action of the physical forces to 
which the explanation has recourse. The storm clouds are 
therefore supposed to be exceedingly distant, when it is requisite 
to account for the entire absence of any kind of explosive, 
sound iifter the apparition of dazzlingly bright lightning. 
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There is, however, no proof of these immense distances, and at 
all events, they would not afford an adequate explanation of the 
observation of Delue (cited in Chap. XIV. p. 60.), in which of 
lightnings of the same intensity, aad produced among the same 
clouds, some were followed by deafening thunder-peals, and 
others by absolute silence. If a proof be desired that in the 
atmosphere sound does not necessarily attend every production 
of light, I may cite the following : — 

Waterspouts are sometimes accompanied by very brilliant 
lightning. On the 4th of June, 1814, in the Illinois territory, 
Mr. Griswold was at a little distance (1300 feet) from one of 
these meteors. Almost incessant, and incomparably brilliant, 
lightning descended from the clouds to the earth very near to 
the external surface of the waterspout, or even perhaps along 
that surface ; yet absolutely no explosion was heard.* 

The cases of thunder without lightning, to which the attention 
of my readers was called in Chapter XIY. admit of a very 
simple explanation. 

Let us suppose two distinct strata of clouds superimposed. 
Let us further suppose the upper stratum to become the seat 
of a great thunderstorm, that it is traversed by brilliant flashes 
of lightning, and that resounding thunder-peals issue from it. 
If the clouds of tlie lower stratum are very opaque or very 
thick, the light of the lightnings, however vivid, will not pierce 
them ; it will be totally absorbed in them, so that no perceivable 
light shall reach the earth ; and yet, as bodies not permeable 
to liglit are easily traversed by sound, the observer who does 
not sec the lightning will hear the thunder perfectly well. 

The two suppositions, first, of two strata of clouds existing 
simultaneously one above the other, at different heights in the 
atmosphere ; and secondly, of a thunderstorm manifesting itself 
in the upper stratum only, might, if necessary, be supported 
by the narratives of so many travellers of unquestionable 

* All the observers of this waterspout regarded the absence of noise in 
the midst of such dazzling irradiations as an unexampled phenomenon. 
Mr. Griswold believes that there really was as much noise as in an ordinary 
thunderstorm. He supposes that the rapid giratory movement of the air 
hindered the sonorous vibrations from issuing from the circumference of the 
waterspout, and from being propagated into the nearly tranquil surrounding 
air of the atihosphere. I doubt whether this explanation, ingenious as it is, 
will persuade many. The supposition of light produced without noise will 
be probably preferred. 
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that%ere ctw be no doubt that I baye here indicated 
on6 of (h© causee of thunder without lightning. I say only « one 
of \\\0 causes ” for 1 have cited (p. 98. et seq.) cases of thunder- 
bolts apparently not having their scat in die cJouds, and in 
which violent detonations were’ not preceded by any luminous 
phenomenon. 

§ 2. — Of ordinary thunder ; of the interval which divides it 
from the Jla^h ; of its rolling sound ; thunder claps and peals ; 
the greatest distances to which thunder is heard; thunder on 
serene days ; dm ation (f lightning. 

Sometimes the thunder is jiot heard until a rather long 
intcr\al of time after the fl^ish is seen. This requires ex- 
jjlanation ; for no one doubts (although the fact is far from 
being a demonstrated one) that the light and the noise were 
produced at the same moment. The phenomenon is indeed so 
simple that tlic ancients^ whose knowledge of physics, generally 
speaking, was far from considerable, had already recognised its 
true cause. We read, for examine, in the .6th book of 
Lucretius’ poem, remarks intended to establish that light in 
general travels much more raj^idly than sound. Some verses 
later it is stated as following inevitably from the premises, that 
in thunderbolts the light of the flash must reach the earth 
mucli sooner than the crash of the thunder, although both light 
and sound Avere produced at the same instant and by the same 
shock. 

This explanation is perfectly correct. The only advantage 
which we possess on this point over the philoso 2 )hers of 
antiquity, is that for any given distance we can assign in 
seconds and fractions of seconds the interval at Avhich the sound 
must follow the light. 

Two astronomical phenomena (the occultations of Jupiter’s 
satellites and aberration) have proved tliat light uniformly 
traverses space with a velocity of about eighty thousand 
leagues in a second of time ; whence it would follow that it 
takes only an eight-thousandth part of a second in travelling 
ten leagues. Now beyond all doubt ten leagues is a distance 
exceeding the height at which thunder and lightning arc pro- 
duced in our atmosj^here. Unless, therefore, we choose to 
attempt to take into account an altogether inappreciable fraction 
of a second, we may supi)ose in all our researches on the subject 
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of thunder and Kghtning, that we see the latter at the very in- 
stant of its development. * ^ , 

In regard to sound, we may aflirm from the most recent ex- 
periments that at the temperature of + 10° Cent, or +50° Fahr., 
its velocity is 337 metres or 1105 feet 8 inches in a second of 
time. If then the cloud in which the thunder and lightning 
originate is 337 metres distant in a straight line, an entire 
second Avill elapse between tlie apparition of th(f light and the 
arrival of the sound. 

.. • Metreg. Ft. In/ 

2 seconds interval would correspond to a distance of - 674 or 2,211 4 

3 „ „ ' - 1,011 or 3,317 0 

10 „ „ * „ - 3,370 or 11,056 8 

And SO on always in proportion. 

Thus an observer by determining with a chronometer the 
number of seconds and parts of a second elapsing between the 
flash and the commencement of the thunder, can deduce with 
the greatest ease the distance between himself and the meteor, 
by simply multiplying the number expressing the time by 337, 
which will give it him in metres, or by 11 05 ‘7 which will give 
it him in English feet. 

We must carefully remember, however, that the distance so 
obtained is the distance of the cloud In a straight line, which, 
generally speaking. Is measured on a line inclined to the 
horizon ; it is the hypothenuse of a right angle triangle whose 
two other sides are a horizontal line from the place of obser-^ 
vatioii and the vertical height of the cloud above the hori- 
zontal line. 

In order to deduce from the length of the hypothenuse, thus 
obtained, the vertical elevation of the cloud, It is necessary to 
know the angular height or altitude of the extremity of the 
flash nearest to the place of observation ; to know whether it is 
10°, 20°, 45°, &c. This element, the altitude, can be measured 
with sufficient precision by the aid of a theodolite, or a reflecting 
instrument, such as a sextant or circle, by taking as a point of 
reference or mark, as near as may be to the part of the sky in 
which the flash appeared, some of those fortuitous accidents or 
features of form or light which are never wanting In storm 
clouds. This, once known, the calculation is quickly per- 
formed. 

It is in this way that the absolute heights of clouds reported 
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in Chapter IV. were determined. This kind of observation 
has hitherto been too much neglected : Meteorology has a great 
interest in its wider extension. Both the greatest and the 
smallest intervals occurring between the flash and the sound of 
thunder deserve the especial attention of physicists : the 
greatest intervals, because they serve to determine the greatest 
height of storm clouds; and the smallest intervals, on account 
of their possible connection with a much controverted question 
on which I will now say a few words. 

When a second of time elapses between the flash and the 
report, we know that the clouds are at the utmost at a vertical 
height of 337 metres or 1106 feet; if the interval has been 
^ a second, the height cannot be more than 553 feet ; and 
intervals of 4 tenths, 3 tenths, 2 tenths, and 1 tenth would 
correspond respectively to heights less than 135, 101, 67 and 
34 metres, or less than 442, 332, 221, and 111 feet. 

The highest point of the Invalides is 105 metres (344| feet) 
above the ground. Let us suppose a person standing near the 
building during a thunderstorm to see one of those flashes of 
lightning which do not appear to quit the clouds ; and let him, 
moreover, have assured himself that the thunder followed the 
flash after the short interval of 3 tenths of a second. It would 
follow, according to what has been above said, that the clouds 
supposed to be the seat of the lightning could not be more than 
101 metres (or 332 feet) high, and that they should therefore 
have enveloped the summit of the dome. 

. If, then, this were not the case, if the summit were seen 
Ihroughout freely, and the clouds above it, it would be proved 
that the detonation did not take place in their bosom, and the 
theory of ascending lightning would have obtained an almost 
irresistible argument in its favour. 

At Strasbourg, where the spire of the cathedral is 142 metres 
high, this kind of observation would extend to cases in which 
the interval between the flash and the sound should be as much 
as 4 tenths of a second. In the neighbourhood of mountains, 
by obtaining beforehand a tolerable number of well-defined and 
convenient marks, it would be easy to take cases of whole 
seconds. Lastly, whole seconds of interval would nowhere 
prevent the employment of the method if a captive balloon 
were made use of ; and thus either the exact height of the 
clouds, or, at least, i|:s lowest limit, could be determined. 
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I know not if I am mistaken, but observations of this kind 
appear to me to deserve in the highest degree the attention of 
physicists. Would it not be interesting thus to decide, by a 
simple comparison of figures, the interminable question of 
ascending lightnings, u e. of lightnings which have been sup- 
posed to rise up#ards from the earth ? Those who think that, 
in the production of all these phenomena, there is invariably a 
concurrence of two effluxes, one ascending and the other de- 
scending, would perhaps find in such experiments as I have 
been speaking of, made simultaneously at two different places, 
the means of recognising where the detonation has been pro- 
duced. 

Would not they have given to their system a high degree of 
probability, if, for example, the scat of these detonations should 
appear to be intermediate between the clouds and the earth ? 

Proceeding from the numerical data above reported, let us 
now seek to determine, in the next place, the greatest distances 
at which thunder has ever been heard. 

I have said in p. 56., that De ITsle once counted 72 seconds 
between the lightning and the thunder: this number, the 
largest mentioned in the annals of Meteorology, multiplied by 
337, gives, as the distance of the cloud in which the lightning 
appeared, 24,264 metres, or about 6 leagues of 4000 metres 
each (about 13 geog. miles). 

Next to this exceptional result of 72 seconds, the highest 
whicli I have anywhere discovered is 49 seconds ; this number, 
similarly treated, gives rather more than 4 leagues, or about 
9 geog. miles. 

The greatest distance at whicli thunder has ever been known 
to have been heard appears therefore to have been 6 leagues, 
or 13 geog. miles; and the greatest ordinary distances scarcely 
more than 4 leagues, or about 9 geog. miles.* 

* My readers may be glad to find here a statement of limits of distance 
directly ascertained. On the 25th of January, 1757, the steeple of the 
church of Lostwithiel, in Cornwall, was struck by lightning, and almost 
entirely destroyed .* the noise of the thunder is stated to have been tremen- 
dous. The celebrated Smeaton was “ thirty miles ” from the spot ; he saw 
the lightning, but heard absolutely no sound. Muschenbroek reports that 
thunder is sometimes very loud at the Hague without being heard at Leyden, 
about 9, or at Rotterdam, about 12 geog. miles distant. There are also 
cases of very violent thunderstorms bursting over Amsterdam and not heard 
at Leyden, which is nine leagues, or.about twenty geog. miles, distant. 
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The smallness of these distances will appear particularly 
striking on remembering the much greater distances at which 
the noise of cannon is heard. I find, for instance, 

That a cannon fired at Florence is sometimes heard at the 
old castle of Monte Rotondo, near Leghorn, at a distance in a 
straight line of leagues. 

That a cannon fired at Leghorn is sometimes heard at Porto 
Ferrajo at nearly as great a distance. 

During the siege of Genoa by the French, the noise of tlieir 
artillery was heard as far as Leghorn, 37 leagues distant. 

The smallness of the distance wliich is sufficient to com- 
pletely extinguish the noise of the loudest thunder, has been 
matter of comment and wonder in all countries. Thus I find 
in the Memoir es des Missionnaires dc la Chines vol. Iv., that the 
Emperor Kang-hi, who had taken a scientific interest In the 
phenomena of thunder and lightning, estimated 10 leagues as 
the greatest distance at Avhich thunder was heard, while he 
asserted that he had heard the noise of artillery 30 leagues 
off, or three times as far. Researches ought now to be directed 
towards discovering whether the great degree of loss of sound 
which we have been considering may not depend merely on 
the partial reflections which it undergoes on encountering 
obliquely the separating surfaces of atmospheric strata of 
different density. 

* We know in general very little of the different causes which may in- 
fluence the intensity of sound, and their inode of operation. Derham sai(], 
that sounds are heard much further and more distinctly in winter, and 
especially in frosty weather, than in summer. This opinion has been con- 
firmed by Captain Parry. I read in the account of his first voyage (j). : 

“The distance at which sounds wore heard in the open air during the con- 
tinuance of the intense cold was so great as constantly to afford matter of 
surprise to us, notwithstanding the frectuency with which we had occasion 
to remark it. We have, for instance, often heard people distinctly convers- 
ing, in a common tone of voice, at the distance of a mile ; and to day I heard 
a man singing to himself as he walked along the beach at even a greater 
distance than this.” Derham thought he had remarked that new fallen 
snow weakens the effect of sound more than old snow whose surface has 
formed into a smooth crust. He also says, that fogs have the effect of con- 
siderably deadening the waves of sound. Probably this is the case with ex- 
tensive and uniformly distributed fogs; but under other conditions fogs have 
the contrary effect. Thus, in November 1812, there being to a small height 
in the atmosphere a thick and continuous fog, M. Howard heard distinctly 
the noise of carriages on the London pavemeht, although he was distant 
about five miles from the middle of the town. 

M. de Humboldt’s observations, made on the banks of the Orinoco, 
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M. de Saint Cricq assured me that the cannon of Waterloo 
was heard at the town of Crcil, at a distance of 50 leagues. 
According to M. Elie de Beaumont, the cannonade of the 30th 
of March, 1814, was heard very distinctly in the commune of 
Casson, situated between Lisieux and Caen, at a distance of 
about 44 leagues from Paris in a straight line. 

The results obtained as to the greatest distances at which the 
, noise of thunder is he«ard will enable us to dispose of an im- 
portant question : we shall be able to deeido whether thunder 
heard on serene days is merely the rcsonahce of ordinary 
thunder, elaborated in clouds below the horizon, or whether, on 
the other hand, it is really produced, and originates, in a pure 
and serene atmosphere. 

A man of small stature, whose eye is 5*25 feet above the 
ground, can see an object placed on the ground at the distance 
of 2*2 gcog. miles. 

If the object ffc at the height of 82 feet, it will be seen at a 
distance of about 12 gcog. miles. 

If it is 1640 feet high, it will be discerned at a distance of 
about 46 geog. miles. 

Lastly, suppose it to be 3280 feet, and it will still be seen at 
a distance of more than 63 geog. miles. 

Let us now return to an observation related in an earlier 
part of this volume. Volney, whose exactness is well known, 
happening to be at Pontchartraip, heard very distinctly four or 
five thunder-claps. Looking round he saw no cloud, either in 
the sky or near the earth. If these five thunder-claps did not 
proceed from the transparent atmosphere, witliin the visible 
horizon, — if their origin were to be looked for in clouds situated 
beyond the horizon, it will be necessary that those clouds should 


have fully established the fact, that sounds are propagated to a much greater 
distance in the night than in the day. Is it equally certain that, according 
to the suggestion of my illustrious friend, the difference depends on the 
currents of heated air which, during the daytime, rise from the ground 
towards the upper regions of the atmosphere P 

It is a generally received opinion, that wind blowing in a contrary direc- 
tion to that in which the noise is propagated, diminishes it considerably ; and 
on this point facts confirm the general impression. It is otherwise, how- 
ever, with the also widely prevalent opinion, that wind blowing in the same 
direction keeps up the force of the sound, and carries it further. The ob- 
servations of F. Delaroche would seem to establish that, whilst the propa- 
gation of sound is impeded (or the sound lesvseiied in intensity) by some 
winds, there are none which are favourable to it. 

M 
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not be more than 6 leagues (little more than 13 geog. miles) 
distant, otherwise the thunder would not have been audible ; 
now for clouds not to be visible at that distance, their height 
above the ground must be within a hundred feet. We are, 
therefore, brought to the alternative, that the thunder heard by 
Volney either originated in a serene atmosphere, or in clouds at 
the very low height of 100 (or, more exactly, 98) feet at the 
outside. The choice between these two hypotheses appears to 
me the less doubtful, because the clouds which appeared at 
Pontchartrain, an hour after the thunder heard by Volney, were 
very elevated hail clouds/ Whatever may be the correctness of 
this reasoning, as applied to the particular observation on which 
it is based, there can be no doubt that whoever hears thunder 
when the sky is serene should look carefully round on every 
side so as to discover whether there is or is not any cloud 
beginning* to appear above any point of the visible* horizon. 

* On a careful examination of evidence and circumstantes, the above- 
mentioned observation of Volney *s is the only one wliich seems absolutely to 
lead to the inference that thunder may be produced in a clear sky. 

Pliny reports that, at the time of Catiline’s conspiracy, a dccurion of the 
Municipality of Pompeia (M. llerennius) was struck by lightning in a cloud- 
less sky. lie does not say whether the lightning was accompanied by 
thunder ; therefore this quotation leaves the present (question quite open. 

Suetonius informs us, that “ after the death of Cmsar, there was seen, in a 
pure and serene sky, a circle similar to a rainbow surrounding the disk of 
the sun, and that lightning was seen to strike the monument of Julia, Cajsar’s 
daughter.” 

Wc now know, that no circle similar to a rainbow, whether a halo or a 
simple corona, is ever formed round the sun when the sky is pure and 
serene. The historian should have been contented with telling us that the 
sky was but slightly overcast. The reader will have remarked, moreover, 
that he does not speak of thunder. 

The event related by Crcscentius raises the same doubt. Ills account is, 
that one day about noon, the sky being serene, the three-banked galley 
Santa Lucia was struck by lightning near the Island of Procida, and while 
the Cardinal of Arragon was dining on board ; three of the rowers wore 
killed, parts of the vessel destroyed, and two other galleys injured. Hut 
was the stroke accompanied by the noise of thunder ? May not the effects 
have been produced by the fall of aerolites ? It is not possible now to reply 
to these questions. 

We read in the “Memoirs of Forbin,” under the date of 1685, — “The 
sky being extremely serene” (the voyagers were near the Straits of Sunda), 
we heard a loud thunder-clap, like the report of a gun fired with ball ; 
lightning, hissing horribly, fell into the sea two hundred paces from our 
ship, and continued hissing in the water, which it caused to boil for a long 
time.” 

All the above circumstances resemble so much those which accompany the 
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We have been enabled to deduce some important inferences 
from determinations of intervals of time elapsing between the 
flash of the lightning and the sound of the thunder, without 
requiring a preliminary knowledge of the physical cause of the 
latter. We must now speak of the endeavours which have 
been made to discover this cause, although they have not been 
altogether so successful as could be wished. 

Our two hands being struck together produce a clapping 
sound or noise ; how loud a noise may we not then expect from 
the collision of two enormous clouds?” Such is, in substance, 
the idea which Seneca had formed of thunder. (^Qumst Nat 
lib. ii. § 27.) 

Descartes has done little more, it seems to me, than bring 
forward the explanation of Seneca afresh, trying, at the same 
time, to support it by a comparison. He says, As to those 
storms which arc accompanied by thunder and lightning, by 
whirlwinds and thunderbolts, some of which I have had the 
opportunity of seeing on land| I do not doubt that they are 
sometimes caused in the following manner, viz. that when 
several clouds are above one another, the higher descend, 
striking a hard bloAv upon the lower ones ; in the same way I 
remember seeing formerly in the Alps, about the month of May, 
that when the snows are warmed and made heavy by the sun, 
the least movement of the air sufficed to cause the sudden 
descent of large heaps of snow, called, I think, avalanches, of 
which the noise, resounding in the valleys, bore a good deal of 
resemblance to thunder.” 

A single word is sufficient to dispose of this explanation: 
thunder often occurs without the existence in the atmosphere 
of two strata of clouds. 

Seneca and Descartes made use of this sudden conjunction of 
two superimposed strata of cloud to condense a certain mass of 
air whose subsequent equally sudden dilatation might produce 
the sound of thunder. Their successors have brought the 
atmosphere to explain the phenomenon in a manner in some 
respects the inverse. They think that lightning produces a 
vacuum everywhere on its passage ; and they make the noise of 
thunder to be a consequence of the return of the air into the 

fall of a large aerolite, that it is natural to suppose that the detonation, 
hissing, and boiling of the sea, described by Forbin, were occasioned by one 
of those meteors. 
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vacuum so occasioned, as in an apparatus known generally in 
our cabinets de physique under the name of creve^vessieJ^^ 

No doubt the sudden return of air into a space where a 
vacuum had been produced must occasion noise. If lightning 
in traversing the atmosphere produces a vacuum thunder will 
result : but through what physical agency does lightning pro- 
duce a vacuum ? This no one has discovered : the explanation 
of thunder is therefore still to be looked for ; hitherto all that 
has been done is to suggest the replacement of one difficulty by 
another still greater. 

But, whatever may be the physical cause of thunder, wo 
must not postpone inquiry into the origin of those long rollings 
which every one has remarked, and of those sudden and so 
often repeated changes of intensity. *\vhlch French meteorologists 
term “ eclats"' 

People were long agreed in regarding the rolling of thunder 
as a simple effect of repeated echoes. This explanation was 
afterwards abandoned, as it had been adopted, — I mean, without 
mature consideration. I would proi)Ose to examine what place 
may at present be assigned to it as the result of serious dis- 
cussion. 

All who have witnessed a thunderstorm in some valley sur- 
rounded by high mountains know how greatly local circum- 
stances may increase the resonance, intensity, and duration of 
thunderclaps or peals. We need not then examine whether 
echoes sometimes take part in the production of these pheno- 
mena. The question is, to determine whether echoes are always 
the cause of the rolling observed. 

I have cited, in a previous page, cases in which the rolling 
sound lasted 36, 41, and even 45 seconds. Has it been proved 
that echoes could occasion such long rollings? In regard to 
echoes strictly so-called, the most remarkable case which pre- 
sents itself to my mind at the present moment, is one men- 
tioned to me by my friend the Kev. Dr. Scoresby, near the 
lakes of Killamey, where, at a station pointed out by the 
guides, he continued to hear the report of a pistol-shot for half 
a minute. For our purpose, we should want at least three- 
quarters of a minute; but we may assume that if the resonance 
of the discharge of a cannon had been substituted for that of a 
pistol, the 30 seconds would have become 45 seconds, or even 
more. I am the more disposed to think that the intensity of 
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the sound should here be taken into account, because in a 
locality in the environs of Paris which has never,* I believe, 
been cited as particularly remarkable in* respect to echoes, at 
the foot of the tower of Montlhery, during experiments on the 
velocity of sound made in the month of June 1822, Messrs, de 
Humboldt, Bouvard, Gay Lussac, and Emile de Laplace, 
heard, during a space of time from 20 to 25 seconds, the rolling 
report of the cannon which was fired close by them. There is, 
therefore, little hope of thus arriving at anything decisive as to 
the exact part which echoes take in the production of the rolling 
sound of thunder. 

Sailors assure us that thunder on the high seas has a pro- 
longed rolling as on land, although there are no walls, rocks, 
woods, hills, or mountains to reflect the sound. Muschenbroek 
says, however, that in the same locality where a (jannon-shot is 
only heard as a single report when the sky is’ clear, the noise is 
repeated several times when the sky is overcast. Perhaps this 
observation of the Dutch physicist may be thought too little 
circumstantial to be admitted. If this should be the case, the 
following remarks, extracted from the notice published by me 
in 1822, on the experiments on the velocity of sound of which 
I have already spoken, may be acceptable. 

At Villejuif, it four times happened to us to hear the can- 
non-shot at Montlhery as two distinct reports, at two seconds’ 
interval. On tAVo other occasions the sound of the Montlhery 
gun was accompanied by prolonged rolling. These phenomena 
never occurred except at times Avhen thci'C were clouds. When 
the sky was comidetely serene the noise was single, lasting only 
an instant.” 

In conclusion, I will add a remark which might be adduced 
to show that the rolling of thunder does not result always and 
solely from reflected sound. 

The sky being uniformly overspread with clouds, a flash of 
lightning appears in the zenith ; a few seconds later thunder 
bursts, and its rolling is ^prolonged ; some time afterwards 
another flash darts through tlie cloud in the same part of the 
sky near the zenith ; thunder follows, but this time the clap, 
though very strong, is wsingle ; it does not last. How can such 
great dissimllaritres be explained if we make the* rolling of the 
thunder a mere phenomenon of echoes ? 

One of the most fertile and ingenious authors of whom 
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England can boast, Dr. Kobcrt Hpoke, was I believe the first 
who introduced into the explanation of the rolling of thunder 
an important circumstance which has been unduly neglected by 
the greater part of modern jihysicists. I allude to the essential 
distinction, drawn in p. 424. of his Posthumous Works, printed 
in 1705, between simple Hglitnings and composite or multijilc 
lightnings. Each simple flash of lightning is regarded by him 
as occupying only a single point in space, and producing a 
short, instantaneous sound ; on the other hand, i. e. the noise 
produced in multiple lightnings, is a prolonged rolling, because 
the different parts or points of the long lines occupied by those 
lightnings being generally at different distances, the sounds en- 
gendered at them, whether successively or at the same physical 
instant, must require successive moments to arrive at the car of 
the observer.* 

This ingenious view of Dr. Hooke’s was reproduced fifty 
ypars ago in the EncyclopcBdia Britannicay by Mr. Robison. 
As such a recommendation should commend it to meteorolo- 
gists, I subjoin a quotation froih the celebrated Edinburgh 
Professor. 

I saw, parallel to the horizon, a flash of lightning which . 
might be about three miles long. It appeared to me coexistent ; 
no one could have said at which end it began. The thunder 
consisted of a very strong clap at the outset, and afterwards of 
an irregular rolling which lasted about fifteen seconds. I 
imagine that the discharges occurred simultaneously over the 
vast extent of the flashes of lightning, but that they were not 
everywhere of the same intensity. 

By the aid of the sonorous undulations of the air, different 
portions of the sonorous agitation reached the ear successively, 
thus producing the effect of a prolonged sound. Such would be 
also the apparent effects to a person placed at the extremity of 
a long file of soldiers who should all discharge their muskets at 
the same instant. A person so situated would also hear an 
irregular rolling, if we suppose tJie muskets to be unequally 
loaded in different parts of the line.” 

Let US' pursue somewhat further this comparison of a file of 
soldiers all discharging their pieces at the same instant, and we 
shall thus see how flashes of lightning of the same apparent 
length may occasion such dissimilar noises and rollings. In order 
to fix our ideas, let us suppose, first, that the file of soldiers 
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occupies a straight line, and let there be 1 metre (3 feet 3 
inches and 4 tenths) b^ween each soldier and his next neigh- 
bour. Let us moreover suppose the observer placed at one 
end of the file, and at one metre from the first soldier ; the 
report of the musket of the fipt, second, third, and hundredth 
soldier will reach him respectively ^^yth, yths, ^ths, and 
y j^tlis of a second after the actual firing. If there are 337 
soldiers in the file, the noise of the firing will last an entire 
second, although all the pieces were actually discharged at the 
same instant. With a file of twice the length and twice the 
number of soldiers (or 674), the sound would last 2 seconds; 
with ten times as many, or 3370 soldiers, 10 seconds; and so 
on, always in the same proportion. 

Now, keeping our file of soldiers still in a straight line, let us 
draw a perpendicular through the middle, and let us station the 
observer at some given point on this perpendicular. When all 
the soldiers fire, as before, simultaneously, the first sound which 
will reach Ins car will be the report of the musket of the soldier 
who is in the middle of the file, or directly at the end of the 
])crpondicular on which he is himself placed. He will next 
hear successively, but in couples, the reports of the muskets of 
each pair of soldiers i)laccd symmetrically, or at equal distances 
from the middle ; the last sound, terminating the rolling, being 
from the two men placed at the two extremities of the whole 
line. 

Now let us wsubstitutc for the rectilinear file of soldiers a cir- 
cular one ; and let us place the observer in the centre. In this 
position, all the soldiers being at the same distance from him 
when they discharge their muskets as before at the same instant, 
he will hear, not a rolling, as before, but the noise of all the 
muskets united as a single report. 

Is it necessary to say more, in order to render easily compre- 
hensible the strict connection which exists between the succes- 
sive stages in a peal of thunder, and the zigzags of flashes of 
lightning ? When a flash of lightning, which we will suppose 
to have been darting in the direction of a line of which the 
observer is at one erf* the extremities, suddenly turns, so as to 
present itself to him for some instants no longer end on,” but 
with its length facing him, it is evident that there must be an 
augmentjttion of noise. It is no less clear that this augmenta- 
tion will be followed in turn by a sudden weakening, if by a 
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second inflection the movement is again nearly in .the direction 
of the visual line ; and so on. It secufs to me, however, that 
observations designed to place this intimate connection between 
the zigzags of lightning, and the abrupt changes of intensity in 
prolonged peals of thunder, in the rank of demonstrated truths, 
would be interesting, and deserve to be recommended to the 
attention of jdiysicists. 

§ 3. Length of flashes of lightning. 

Those who have reflected a little on the modes of proceeding 
of the human mind, attach little importance to theories, except- 
ing on account of the experiments or connections which they 
may suggest, and which would not have been thought of if it 
had not been for their guidance. This kind of merit is not 
wanting in the theory which we have just presented of the roll- 
ing of thunder. It will give us, if not the lengths, at least 
estimations which wc may feel sure arc within the truth ; and 
even this is in itself something. 

Let us imagine a flash of lightning wholly on one side of the 
zenith. Let us draw two visual rays to its two extremities. 
These two rays, and the lightning which wc suppose rectilinear, 
form a triangle, of which the eye of the observer occupies the 
inferior angle. 

In every triangle Of this kind, each side is smaller than the 
sum of the other two sides. We may then lay down the fol- 
lowing inequality: the visual ray, or line from the eye of the 
observer to the most distant extremity of the flash, is less than 
the sum formed by adding to the length of the line from the 
eye to the nearest extremity of the flash the length of the flash 
itself. But if two quantities are unequal, they continue unequal 
after both have sustained an equal diminution. From each of 
the two lengths above stated to be unequal, let us subtract the 
shorter visual ray, or that drawn from the eye to the nearer 
extremity of the lightning, we shall have remaining on the one 
side the difference between the longer and shorter visual rays ; 
and on the other, the shorter visual ray, plus the length of the 
flash of lightning, minus the shorter visual ray ; or, finally, the 
length of the flash of lightning. If, therefore, we are able to 

* Any calculation, Lowever simple, is always difficult to express in words. 
Tbe thing to be conveyed is merely the principle in geometry, — that, in 
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estimate this difference in metres or feet, we shall have a limit, 
of which the length of the flash of. lightning cannot fall short. 
Let us now see whether such an estimation of the difference 
between the two lines of sight is possible. 

Why is the flash of lightning followed by rolling thunder ? — 
Because different parts of the flash are, generally speaking, at 
unequal distances fi’om the observer. What is the duration of 
the rolling sound? — The duration is, as we have explained, the 
time which the sound requires for traversing an interval of space 
equal to the difference in length of the two lines drawn from 
the observer to the two extremities of the flash. If we mul- 
tiply by 337 the number of seconds for which the rolling of the 
thunder has lasted, we shall tliereforc obtain, expressed in metres, 
the difference between the two rays, drawn to the two extremities 
of the flash, just as if it had been possible to measure that dif- 
ference in space. The, result .of the multiplication will be the 
lowest limit ” which we were seeking. Let us now cite some 
numerical results. 

I said in an earlier part of this volume (p. 54.) that de Tlsle 
observed at Paris, in 1712, thunder-peals in which the rolling 
lasted 39, 41, and 45 seconds. By multiplying these three 
numbers by 337, w^e obtain results in metres corresponding to 
3 leagues and 3 tenths; 3*4, and 3*8 leagues (of 4000 metres 
each), or about 7*9; 8 '2, and 9*1 geographical miles. Who 
would have expected such enormous results ? 

For greater simplicity, I began by supposing the flash of 
lightning to be situated entirely on one side tlic zenith. Any 
other hypothesis would not alter the results at which we have 
arrived. Only the calculated limits (for, for want ofc an angle, 
we could only find limits), would be still more below the real 
length of the flash of lightning. 

In Abyssinia, M. d’Abbadie foimd trigonometrically that the 
length of certain flashes of lightning exceeded 6700 metres, or 
3*7 geographical miles. 

M. Petit saw, at Toulouse, lightnings as much as 17,000 
metres, or 9*6 geograjdiical miles in Icngtli. 

Mr. Weissenborn, the German translator of the first edition 

every rectilinear triangle, one side is greater than the dilference between 
the two other sides, — a principle which itself follows from that other prin- 
ciple, of which no one can be ignorant ; i. c., that an^ one side of a triangle 
is smaller than the sum of the otIier*two sides. 
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of this notice, determined trigonometrically the length of a flash 
of lightning which he, observed near Weimar, on the 2nd of 
May, 1839. He found it 8680 metres, or about 6*2 geogra- 
phical miles. It is to be remarked that these results are in no 
way influenced by echoes. 

§ 4. Odours developed hy strohes of liglitning* 

Some physicists have tliought it unnecessary to have recourse 
to any particular causes for the purpose of explaining the pene- 
trating odour always present when lightning strikes terrestrial 
objects. They say, may not the fulminating matter as it passes 
in greater or less abundance across the nervous papillse of our 
organs, itself excite in them a movement analogous to that occa- 
sioned by the action of such or such an odour? 

This might be to a certain degree an admissible supposition 
if we had only to explain an instantaneous odour. ’ But 
wherever a lightning explosion takes place, it devclopcs, even 
in the open air, odours which last a long time {See p. 63.). 
When ligJitning makes its w^ay into a closed space, its passage is 
followed by the formation of sulphurous vapours, which are 
sometimes so thick that nothing can be seen through them {See 
p. (54.). There is, therefore, evidently the presence of dissemi- 
nated matter in the air. Are w'C to suiipose it to consist of 
substances brought by the lightning, similar to those which 
compose the deposits studied by M. Fusinicri, and which have 
served to afford us a partial or incipient explanation of globular 
lightnings {See p. 150.)? or do they proceed from the sudden 
vaporisation, or conversion into vapour, of substances contained 
in green or dry wood, wood varnished or not varnished, or in 
the walls, stones, or earth, &c.. In the interior of which the 
lightning lias circulated ? This is a question which cannot be 
decided at present. Whichever of the above explanations may 
prevail, too much stress should not be laid on a supposed con- 
stancy m the nature of the odour developed. It would not be 
difficult to show, if needed, that if this odour has usually been 
compared to sulphur, others, again, have compared it to phos- 
phorus, and lastly, others to nitrogen. This last would be the 
odour admitting of tlie easiest explanation, as may have been 
seen in Chapter XVII. p. 65. 
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§ 5. lAghtning effects fusions and instantaneous vitrifications^ 
shortens metallic wires along which it is transmitted^ and pierces 
many holes in the bodies which it finds on its passage^ 

I cannot add anything to the facts already related respecting 
these singular effects of lightning. We are completely ignorant 
of the manner in which lightning developes instantaneously so 
much heat. With the view of explaining the many holes 
which are sometimes the result of the passage of lightning 
through metallic pfates, there have been imagined modes of 
agglomeration and propagation of the fulminating matter, in 
which the least defect is that they do not account for the 
opj)ositc directions of the lips or returns round the holes. 
These opposite directions give the idea of two opposite currents 
meeting at the surfiice of bodies struck by lightning. , The. con- 
traction or shortening of wires seems as if it might be the result 
of the efforts made by the fulminating matter to escape trans- 
versely, and which manifest themselves by phenomena of light ; 
but I will not insist further on these vague glimpses. Fresh 
cx])crimcnts and observations can alone assign them a legitimate 
place in science. 

§ G. Substances transported to a distance by lightning. 

Bodies in, motion produce mechanical effects which depend at 
once on their mass and on their velocity. However slight, 
therefore, might be the mass of the fulminating matter, yet if 
endowed with sufficient velocity (and in this direction we have 
now an indefinite margin) we should, as fiir as intensity goes, 
arrive easily at an adequate explanation of all the facts collected 
in Chapter XXI 11. ; but besides intensity of removing action by 
strokes of lightning, we had occasion to remark that the frag- 
ments of bodies shattered by lightning are sometimes, or rather 
are usually, projected to a distance in every variety of direction. 
This circumstance would be difficult to connect with an explana- 
tion of the mechanical effects of lightning 'which should rest 
solely on the theory of the shock of bodies, but it can be derived 
with great simplicity from the liypotBesis, that lightning by its 
action developes in the substances which it traverses an eminently 
clastic fluid, the tension of which must inevitably act in every 
direction. Would it be a very hazardous supposition if we 
were to assume the elastic fluid in question to be no other than 
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the vapour of water, u e,^ that the tension of which we have 
spoken is the foi’ce of steam? Lightning, as we have seen, 
fuses thin metallic wires, or at least renders them suddenly 
incandescent ; may we not conclude that it will also render in- 
candescent the minute aqueous particles wliich it may find on 
its passage ? 

On consulting the table given by M. D along and myself of 
the elasticity of steam corresponding to different degrees of the 
thermometer, it will be found to have already reached 45 atmo- 
spheres when the water attains 500° Fahrenheit. 

What force would it not have at the much higher temperature 
of red hot iron? Such a force would evicfently be adequate in 
point of intensity to all that we know of the mechanical action 
of lightning. Those who 2 >i'efcr an actual exemplification to a 
theoretical deduction, need only, in order to arrive at the same 
conclusion, to consult persons who have been engaged in casting 
metals, as to the terrible eflccts which result from the 2 )rcscncc 
of even a single drop of water in a mould at the moment when 
the incandescent metal flows into it. Siq^pose humidity in the 
fissures or small ca^ ities of a block of free-stone ; and if struck 
by lightning, the steam suddenly devclo^Ded will shatter the 
stone to jiieces, and the fragments will be in’ojcctcd to a distance 
in every direction {See p. 86. and 87.). Under the same cir- 
cumstances the abrupt transformation into highly elastic vapour, 
or steam, of the water intens^iersed in the earthy stratum on 
which the foundations of a house rest, will suffice to raise the 
house bodily and remove it to some distance {Sec B7.). 
When Watt saw for the first time the hollow enamelled ‘ tubes 
produced by lightning in a mass of sand, he immediately ex- 
claimed, Here is an effect of the elastic force of the steam 
produced by lightning in traversing the sand.” Nothing, how- 
ever, ai^pears to me more clearly and directly indicative of the 
action of steam than the singular and minute division effected 
in wood by the passage of lightning. 

Lightning rends wood in the direction of its length, sjflitting 
it into a multitude of thin laths or still more slender fibres. 

' Lightning struck the *Abbey of St. Medard at Soissons, in 
1676. The following is the account by an eye-witness of the 
state of the pieces of tunber of the roof. Some among them, 
three or four feet in height, were split from top to bottom into 
rather thin laths; others into long pieces of the thickness of 
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matches, and others again into thin threads or fibres in the 
order of the natural fibres of the wood, so slender that they 
looked not unlike half-worn brooms.” 

The above relates to dead wood : let us.’next take the case of 
green or live wood, and we shall find analogous effects. 

On the 27th of June, 1756, at the Abbaye du Val, near 
rile- Adam, lightning struck an oak tree growing singly, about 
52 feet high and 4 feet 3 inches diameter at its base. 

The trunk was entirely stripped of its bark. 

The bark so torn off was found scattered in small pieces, 
thirty or forty paces off, on all sides of the tree. 

The trunk, to within six and a half feet from the ground, was 
split longitudinally into pieces almost as thin as laths. 

The branches continued still attached to the trunk, but they 
also had not retained a morsel of bark, and showed very re- 
markable longitudinal jagged indentations. 

Neither the trunk, the branches, the leaves, nor the bark 
presented any traces of combustion 5 they only appeared to 
have been completely dried up. 

In the same year, 1756, on the 20 th of July, lightning fell 
on a large oak tree in the forest of Rambouillct. 

This time the branches were completely severed from the' 
trunk, and were dispersed around it with a certain regularity. 
They presented no jaggedness, and the bark was entire. The 
trunk had not been stripped of its bark, but, like the oak tree 
of rile- Adam, it had become an assemblage of laths ; the sepa- 
ration into laths being prolonged down to the ground in this 
case, instead of only to a certain height above it. 

I cannot resist the desire of citing a third case, related by 
Professor Muncke, in Poggendorf’s Annalen,” 

The trunk of the tree, which was 3 feet 3 inches thick at the 
ground, had been entirely destroyed ; that is to say, the light- 
ning had torn it into filaments several yards long and less than 
two-tenths of an inch thick, such as might have been scraped 
off by an instrument. 

Three branches, from twenty inches to nearly two feet thick, 
had fallen to the ground, as if cut clean off by a single stroke of 
an axe. They retained their leaves and their bark. There 
were no traces of ignition or carbonisation to be seen anywhere. 

The entire absence of carbonisation, the division of the trunk 
of a tree into such numerous and slender filaments, and the 
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dispersion of these filaments in a thousand different directions, 
all look, I repeat, like necessary consequences of the action of 
an elastic force developed among the woody fibres. 

Let the lightning convert suddenly into vapour the Iiygro- 
metric water contained in the old timbers of a roof, or the sap 
filling the longitudinal capillary tubes in growing wood, and 
you will have in all respects the phenomena of the roof timbers 
of JJie Abbaye «of St. Medard de Soissons, of the oak trees of 
ril^Adam, and of the forest of Compiegne, &c. &c. 

The detailed discussion into which we have entered respect- 
ing the transport of heavy bodies by the effects of lightning, 
shows that these curious phenomena may be explained without 
having recourse to supposed new principles in physics. It also 
follows from what has been said, that no inference respecting 
the actual direction of the meteor itself can be derived from the 
direction in which masses have been moved by its effects, anS 
that in researches made by those who have occupied themselves 
with ascending lightnings, such as rest on a basis of this kind, 
have no very solid foundation. The question is sufficiently 
important to justify our pursuing it somewhat further. 

Some physicists, as we hjive already explained, make light- 
ning consist In a very subtle matter which darts with the 
greatest velocity from the body wliich sends forth, the shock or 
stroke towards the body which receives it ; other physicists see 
in lightning only phenomena of vibration. Whichever of these 
two hypotheses might be adopted, it would, in# either case, have 
been supposed hitherto that the direction in which lightning is 
propagated, — in other words, the direction in which cither the 
subtle matter or the vibration is propagated, — should coincide 
with the direction of the mechanical effects produced. Light- 
ning, which throws a body downwards, it was naturally said. 


* Trees are often struck dead by lightning even when the external damage 
sustained by them appears extremely slight. Mr. Tull, author of “ Tlie 
Philosophy of Agriculture,” thinks that this effect is the consequence of the 
rupture of the small vessels through which the lightning has passed. Accord- 
ing to our view, lightning acts here mechanically, as frost does when it 
rends the capillary tubes composing the succulent stalks of certain plants. 
Only, as watery juices dilate much more in passing from a liquid state to a 
state of vapour than they do in freezing, lightning should produce much 
more numerous, and therefore more fatal, rents than frost. By looking at 
cases from this point of view, physiologists may perhaps arrive at last at re- 
cognising the particular mode of action by which death by lightning most 
often takes place. 
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should be called descending; and, conversely, the name of 
ascending lightning should be given to lightning which should 
project frbm below upwards substances which it met with in its 
course. There might, in the same way, be oblique and lateral 
lightnings from different quarters of the horizon. There are 
not wanting facts which could be used in support of these dis- 
tinctions. We will cite some. 

On the 24th of February, 1774, lightning struck the steeple 
of the church in the village of Rouvroi, to the northwest of the 
town of Arras. One of its effects was to lift the pavement, 
consisting of great blue stones, of a porch situated vcrtic#ly 
beneath the steeple. 

In the summer of 1787, lightning struck two persons who 
had taken shelter under a tree near the village of Tacon, in the 

t paujolais. Portions of their hair were thrown to the top of 
c tree. An iron circle belonging to a sabot of one of the 
poor victims was also found after the event caught in a branch 
very high up. 

On the 29th of August, 1808, a round thatched pavilion, 
belonging to a tavern, situated behind the Hopital de la Sal- 
petriSre, at Paris, was struck by lightning, and a workman, 
who was sitting under it, was killed. Portions of his hat were 
found incrusted in the ceiling. 

If we regard all these phenomena of uplifting as the direct 
effects of the lightning, it will be difficult not to admit, with 
those who have discussed them, that at Rouvroi, Tacon, and the 
Salpetrifire it was ascending ; that instead of descending from 
the clouds to the ground, it darted from the ground towards the 
clouds. Admit, on the contrary, the possibility of indirect 
effects ; and take the vapour of water as an intermediate agent, 
and the raising of the pavement at Rouvroi, and the throwing 
up of the iron part of the sabot at Tacon, and of the fragments 
of the hat at the Salpetriore will no longer be held to furnish 
any indications of the direction of the movement of the lightning. 

Sometimes lightning only partially tears the bark off trees 
struck by it. In such cases, it is not rare to find long strips of 
bark, and of the layer of soft wood immediately next to the 
bark, completely detached at the bottom, but adhering to the 
trunk towards the upper part of the treet The old collections 
of the Academie des Sciences would furnish me, if needful, 
with several instances of effects of this kind ; I could also find 
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such by looking over the Journal de Physique,” and, in par- 
ticular, a memoir by M. Mourgues, on storms observed at Mar- 
sillargues, near Montpellier, in June, 1778, and a memoir by 
M. Marchais, on ^veral trees of the Champs Elys^cs at Paris, 
&c., struck by lightning; but all these instonccs of bark stripped 
from below ujiwards will cease to have the meaning which those 
who discussed them Averc pleased to attribute to them, when the 
vapour of water comes to be regarded as the possible agent in 
the oj)cration. 

The same may be said of another phenomenon, which at- 
ti\Htcd equal attention, and has been described with the same 
minute care by observers. The leaves of trees struck by light- 
ning, as those of the trees belonging to M. Mourgues, at Mar- 
sillargues, the leaves of the trees in the Champs Elysees 
examined by M. Marchais, &c. &c., were found to be yello^ 
crisped, burnt up, and convex underneath, while their upper 
surfaces remained green and uninjured, save that having been 
previously flat, or slightly convex,, they had become concave ; 
just as is the case with parchments on the side which has not 
faced the fire. See,” it was exclaimed, in these circum- 

stances so many proofs that the fiery current of the lightning 
moved from below upwards.” The movement from below up- 
wards seems, indeed, pretty well established ; but who could 
now affirm that the ascending current did not consist of vapour 
at a high temperature, resulting from the vaporisation of water 
by the action of descending lightning on the humidity of the 
ground ? 

We might lastly have recourse to the same agent (aqueous 
vapour) if we wished to explain how it happens that the turf at 
the foot of trees struck by lightning is often turned up, and 
sometimes folded back, like the leaves of a book, at the two 
sides of the place where the ground is torn. 

I have gone thus minutely into this discussion, because I 
thought it important to show that the facts from which many 
physicists thought they had established the existence of ascend- 
ing lightnings do not really demonstrate such a result. I would 
add, however, that the question of ascending lightnings appears 
to me to be completely resolved by the combination of circum- 
stances in the event related in Chapter XXVIII. I therefore 
admit, without reservation, the existence of ascending thunder- 
bolts. I know that physicists of the first rank do not believe 
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in it, and that they would even disdain to enter into any dis- 
cussion on the subject ; but facts must be held superior to tlie 
most imposing authorities. When, a century ago, MafFcl, 
adducing the local phenomenon which he had observed at the 
Castle of Fosdinovo, put forth in a systematic manner his ideas 
on ascending thunderbolts, he took the precaution, (more prudent 
in this than Galileo,) of showing that they were quite recon- 
cilable with the passage in the Scriptures respecting fire from 
heaven on Sodom and Gomorrah. Celebrated scientific theories, 
although some persons regard them with a kind of religious vene- 
ration, do not demand so much reserve. It is perfectly open to 
any one to examine, dispute, and criticise them, stopping only 
where observation and experiment begin to fail. 

I will conclude this Chapter with an observation by M. dc la 
Pi|aie, of which it is difficult to connect the explanation witli 
the' action of aqueous vapour. 

An oak tree having been struck by lightning at Commerayc, 
near Lamballe, at the end of May, 1843, M. de la Pilaie re- 
marked that the bark of the trunk showed a slit or crack from 
tlie base of the trunk to the separation of the upper branches, 
the crack narrowing from below upwards, and the bark at its 
edges being ragged like lint. But whereas these woody fibres 
and other torn parts should have been torn from above down- 
wards, they were, on the contrary, torn from below upwards, 
as if the lightning had remounted from the base to the summit. 
It had, moreover, traced a furrow, or superficial crack, on the 
wood itself, which furrow disappeared entirely at the upper part, 
wliere the slit in the bark had become very narrow and was con- 
fined only to its outside surface. 


CHAP, xxxviir. 

ON THE DANGERS INCURRED FROM LIGHTNING. — IIOW FAR AKB 
THESE DANGERS SUCH AS TO DESERVE CONSIDERATION? — BUILl> 
INGS AND VESSELS STRUCK BY LIGHTNING. 

§ 1 - 

How far is the danger of being struck by lightning sufficiently 
great to give importance to means of escaping it? This 

N 
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question has several sides : it may be looked at as respects 
individual persons, as respects houses, and as respects vessels. 

In the interior of the great tojiyns of Europe, men appear to 
he very little exposed to danger from lightning. Lichtenberg 
said that he had assured himself that in the course of half a 
century only five men were seriously hurt by lightning within 
the town of Gottingen. Of these five three died. 

It is said, tliat at llallc one man only was killed by lightning 
between 1609 and 1825, i.e. in more than two centuries. 

At Paris, where civil registers are kept with so much regu- 
larity, the chief statistical officer in the Prefecture assures 
me that for many years past not a single death has been reported 
from lightning. Yet we know that within this interval there 
have been persons struck by lightning in the departement dc la 
vSelne ; even if it were only the workman spoken of in p. 175., — 
an agricultural labourer killed in the open fields, in the com- 
mune de Chainpigny^, on the 26th of June, 1807 ; and, on the 
3rd of August, 1811, a man, who had been cutting grass at 
liomainville, as he was fleeing from the storm, with an iron 
])ronged fork in his hand. It follows, therefore, that these 
deaths, caused by lightning, must have been enrolled in a general 
manner amongst ‘^accidental deaths;” and similar negligences, 
or omissions, may be supposed to have taken place elsewhere. 
We should not, therefore, be justified in accepting strictly and 
literally the statement of the number of deaths from lightning 
at Gottingen and at Halle. It would further be highly unsafe 
to generalise from such results, by applying to all countries what 
may have been observed in one, or in deducing from what has 
happened in a village what may be expected in a large town. 
While Gottingen, Halle, Paris, &c. count scarcely one death 
from lightning in a century, on cursorily opening a few volumes 
1 find the following : — 

In the night between the 26th and the 27th July, 1759, 
lightning fell on the theatre of the town of Feltre, killed many 
of the spectators, and more or less hurt all the rest.* 

On the 18th of February, 1770, a single stroke of lightning 
threw to the ground senseless all of the inhabitants of Kevern, 
in Cornwall, who had assembled for Sunday service in the 
church. 

♦ Lightning oflen occasions conflagrations. On this occasion the contrary 
happened : it extinguished all the lights. 
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In 1808, lightning twice struck the village inn of Capelle, in 
Brisgau, killed four persons in it and hurt many others. 

On the 20th of March, 1784, lightning entered the theatre 
at Mantua ; out of four hundred persons present it killed two 
and hurt ten. 

On the nth of July, 1819 , lightning struck the church of 
Chateauneuf-les-Moutiers, in the arrondisseraent de Digne, 
departement des Basses Aipes, during divine service, killed nine 
persons on the spot, and more or less injured eighty-two ; the 
same stroke killed, in a stable adjoining the church, five sheep 
and a mare. 

No one, however, will, I think, be disposed to contradict me, 
if I venture to affirm, in spite of what is related above, that for 
every inhabitant of Paris the danger of death from lightning is 
less than the danger of being killed in passing along the street 
by the fall of a chimney or flower-pot, or of a workman engaged 
on a roof ; this latter danger being, I imagine, one which occa- 
sions very little uneasiness. In respect to the fear excited by 
thunder and lightning, it ought, however, to be said, that the 
vivid and sudden light and resounding peals produce involuntary 
nervous effects, which even the most strongly organised tein 
})erainents do not always altogether escape. It should also be 
said, that if the number of occasions when lightning actually 
strikes is small, the whole number of flashes of lightning and 
peals of thunder seen and heard in the course of the year is 
very great ; that the harmless and the dangerous are not dis- 
tinguished apart, and that the danger, however small in reality, 
must seem the gre«ater on account of the considerable number 
of times when it is apparently renewed. This last considera- 
tion will be placed in a clearer light by recurring to the com- 
parison above made, and supposing that the fiill of the chimney, 
or the flower^pot, or the man, is announced by a loud detona- 
tion heard over the \vhole extent of the capitJil, so that each 
individual might suppose himself to be in tlie street where tlie 
accident is to happen, and thus, it will be easily conceived, 
might be more apprehensive than is now the case, although not 
really in any greater danger. 

I have been speaking of accidents in large towns : according 

* The lightning, moreover, melted earrings and watch-keys ; it split or 
“ cleft” diamonds,— and all this without in the least hurting the wearers. 
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to an opinion widely prevailing, persons arc much more exposed 
in villages and in the open country. Theoretical considerations, 
which the plan I have formed for myself forbids my adducing 
at this moment, would tend to confirm this opinion. I cannot 
attempt to decide the question by an appeal to facts, for they 
have not been collected with sufficient completeness. It must 
be added, that we have no exact knowledge of the differences 
between one country and another, or one more circumscribed 
locality and another, as to the frequency and intensity of the 
actual strokes taking place during thunderstorms. 

In the republic of New Granada, El Sitio de Tumba Barreto, 
near the gold mine of the Vega de Supia, is avoided as much 
,as possible on account of the frequency of lightning strokes. 
It is remembered that many miners have been killed there by 
lightning. While M. Boussingault was crossing El Sitio, during 
a thunderstorm, his negro guide was struck to the ground by 
lightning.. The Loma de Pitago, in the neighbourhood of 
Popayan, is similarly celebrated. A young Swedish botanist, 
M. Plancheman, persisted, in spite of the advice of the inhabi- 
tants, in crossing the Loma when the sky was covered with 
storm-clouds, and was killed there by lightning. But, witliout 
speaking of particular spots, and looking only to large countrl('s, 
it sometimes happens with us that entire years may pass with- 
out hearing of any fatal accident, while elsewhere, during par- 
ticular seasons, such may happen almost daily. Thus, I find 
that in the summer of 1797, from the month of June to the 
28th of August, Volney counted up in the newspapers of tlie 
United States eighty-four serious accidents, and seventeen 
deaths. In France, the newspapers of 1805, if I am rightly 
informed, did not notice the death of a single person from light- 
ning; those of 1806 only recorded the deaths of two childnm, 
killed by the same stroke, on their mother’s knees^ at Aubagne 
(in the departement des Bouches du Khohe); in 1807, of two 
young labourers, of the commune of Saint-Gcniez, struck by 
lightning while getting in their crops; and in 1808, the same 
papers only spoke of one jicrson, a boatman, killed by the 
waterside at Angers. However, even in the same country, dif- 
ferent years give very different results as to the number of 
fatal strokes. In 1819, there were killed, on the 28th of June, 
three horses near Vitry Ic Fran^ais; on the 11th of July, as I 
have already said, nine persons in the church of Cliatcauncuf ; 
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on the 26tli of July, a man in the open country, at Maxey-sur- 
Vaizc (Meurthe) ; on the 27th of July, a labourer, his wife and 
his son, who had taken refuge under the porch of a chapel, near 
Chatillon-sur- Seine ; the 1st of August, forty-four sheep, near 
Bcauinont-le-Roger (Eure); the 2nd of August, a workman, 
who had taken shelter under a tree at Bordeaux ; and, on the 
same day (2nd of August), an agriculturist of Vigneux, near 
Savenay, who was struck dead in his room, and two little girls, 
of ten and twelve years of age, in the house of the Abbe 
Coyrier, in the departement du Cantal ; and, lastly, on the 
27th of September, at five in the morning, a servant-maid, who 
was in her bed at Confolens (Charente). 

I have, however, given in a former chapter a kind of statistical 
table of all the cases of persons struck by lightning, which I 
could learn of on sufficient authority, in the course of some 
years : it shows that if on the one hand the number of sufferers 
is sufficiently limited for any one to regard the probability of 
death by thunder as very small, on the other hand, the number 
of deatlis from that cause is sufficient to make it reasonable not 
to neglect the methods which science has pointed out for avoid- 
ing such accidents. 


§ 2. Destruction of buildings and ships. 

If there are few persons who perish from the effects of light- 
ning in our towns, the number of houses and other buildings 
struck and seriously damaged by it is, on the contrary, con- 
siderable. 

Ill the course of a single night, between the 14th and 15th 
of April, 1718, twenty-four steeples Avere struck by lightning 
within the space extending along the coast of Brittany, between 
Laiiderncau and St. Pol dc Leon. 

During the night bjctween the 25th and 26th of April, 1760, 
lightning fell three times within the short interval of twenty 
minutes, on the church and buildings of the Abbaye de Notre- 
Dame, at Ham. 

In the morning of the 17tli September, 1772, four different 
buildings Avere struck by lightning at Padua. 

By a memoir of Henley, dated December, 1773, I learn that 
on the same day, and if I am not mistaken, nearly at the same 
instant, liglitniiig struck in London, St. Michael’s Church, the 
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Obelisk in St George’s Fields, the New Bridewell, a house 
Lambeth, a house near Vauxhall, and many other places very 
distinct from each other, without counting a Dutch ship at 
anchor in the Thames near the Tower. 

A German savant writing in 1783, computed that in the 
course of 33 years liglitning had struck 386 steeples, and killed 
thereby 121 ringers. The number of persons hurt but not 
killed was much greater still. 

In December, 1806, during a single thunderstorm, lightning 
demolished, wholly or in part, the steeples of St. Martin of 
Vitre, of Erbre, of Crolsilles, and of Etrelles. 

On the nth of July, 1807, the Church of St. Martin at 
Vitr6 was again struck. Five days before, lightning had fallen 
at la Guerclie, and on ten churches or other buildings within a 
league radius round that town. 

At Paris, on the night between the 7th and the 8th of 
August, 1807, liglitning struck the sign over a shop in the Hue 
de Tliionville, a house near the Ilalle, a lamp in the Hue de 
Perpignan, and also in the Rue aux Feves^ at Vaugirard, and 
at Passy. 

On the 14th of May, 1806, we find lightning injuring a 
joiner’s shop in the Rue Caumartin; on the 26th of June, 1807, 
ravaging nine rooms in a house at Aubervilliers ; on the 29th of 
August, 1808, lightning struck a guingettc” near the B'arrierc 
des Gobelins, where it killed or injured several persons, and 
near the Barriere Montmartre, a tavern full of people, several of 
whom were thrown to the ground senseless ; on the 14tli of 
February, 1809, lightning demolished a windmill situated on 
the road to St. Denis; on the 29th of June, 1810, it broke and 
threw to a distance whatever it found on its passage, in a house 
in the Rue Popelinierc; and on the 3rd of August, 1811, it 
fell on a house near the Barriere de Pantin, and hurt several 
persons in it. 

On the 11th of January, 1815, during a storm which ex- 
tended over the space comprised between the German Ocean 
and the Rhenish Provinces, lightning struck twelve steeples 

♦ Tbe number of ringers who suflered will appear less surprising if I 
mention that, when lightning struck the steeple of the village of Aubigny, 
on tbe 17th of June, 1755, it killed, by the same stroke, three men who were 
ringing the bells, and four children who had taken shelter under the tower 
of the steeple. 



THUNDER AND LIGHTNING. 


183 


scattered over this great extent of country, setting some of 
them on fire, and considerably damaging -the rest. 

I think I may leave these enumerations without its being 
necessary to add that I believe them to be very incomplete ; 
every one will have understood .without my saying so, that all 
that they can pretend to is to offer a lower limit.” 

The desirability of protecting buildings from lightning must 
be measured by the number which are annually struck, and also 
by the extent and importance of the damage so occasioned. 
Three or four citations will serve to show the force of this latter 
consideration. 

In 1417, lightning set fire to and consumed tlie wooden 
pyramid which terminated the campanile of St. Mark at Venice. 
The pyramid was reconstructed, but it was again reduced to 
ashes by lightning on the 12th of August, 1489. 

On the 20th of May, 17.11, a single stroke of lightning not 
only did very great damage to the interior and exterior of the 
principal tower of the town of Berne, but also extended its 
ravages to nine neighbouring houses. 

The pyramid of St. Mark at Venice, which this time was 
built of stone, was struck by lightning on the 23rd of April, 
1745. The repairs cost more than 8,000 ducats. 

On the 27tli of July, 1759, lightning set fire to and consumed 
the whole of the timber of the roof of the Cathedral of 
Strasbourg. 

In the month of October following, lightning struck the upper 
part of the magnificent tower, and injured one of the pillars 
which supported the lantern so greatly, that it was thought 
it would be necessary to take down the latter. The repairs of 
tlic damage cost upwards of 12,000/. 

The three strokes of lightning which. In the night of the 25th 
to the 26th of April, 1760, fell on the church of Notre-Damc, 
of Ham, set on fire and completely ruined this large and fine 
edifice. 

I ought not here to omit mentioning the extensive mischief 
sometimes produced by lightning when it strikes a powder 
magazine. 

On the morning of the 18th of August, 1769, lightning 
struck the tower of St. Nazaire, at Brescia. This tower stood 
over a sulbterranean magazine containing between 113 and 114 
tons of gunpowder belonging to the republic of Venice. This 
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immense mass of powder was fired at once. The sixth part of 
the large and fine town of Brescia was overthrown, the re- 
mainder was much sliaken and threatened to fall in ruins. 
Three thousand persons perished. The tower of St. Nazaire 
was thrown up into the air whole, and fell back in a rain of 
iraginents, some of which were found at enormous distances. 
The mere money value of the damage amounted to 16 millions 
of francs (or 640,000/.). 

On the 18th of August lightning set fire to the powder then 
remaining in tlie magazine at Malaga. The building was over- 
thrown. The whole town would certainly have shared the 
same fate, if it had not some time before asked and obtained 
that the greater part of the powder should be removed to 
magazines at a distance. 

On the 4th of May, 1785, lightning set fire to the powder 
magazine at Tangiers. The magazine and the greater part of 
the surrounding houses were overthrown. 

On the 26th of June, 1807, at half-past eleven in the 
morning, a powder magazine at Luxembourg, very solidly 
built on tlie rock long previously by the Spaniards, and con- 
taining at the time of the explosion more than twelve tons of 
powder, was fired by lightning and blown up ; thirty persons 
Avere killed, and more than two hundred were mutilated or 
severely Avounded. The loAVcr town (the Grund) Avas made a 
hcaj) of ruins. Very large stones, Avhich had been part of the 
magazine, were afterwards found a league distant, having been 
carried there by the explosion. 

On the 9th of September, 1808, lightning struck a magazine 
in the fort of St. Andrea del Lido, at Venice, and bleAV it up. 
The explosion comjdetely destroyed a barrack, an adjacent 
chapel, and a Avail belonging to the demi-lune, and did 
considerable damage to another barrack inhabited by the 
gunners. 

I have cited so many cases of explosions of powder magazines 
because, by successive generalisations, it has been actually 
asserted that lightning, Avhen it makes its Avay into such 
buildings, never sets fire to the powder Avhich they contain. 
Having thus shown hoAV little such an opinion can be main- 
tained, I must next confess that in certain cases the circum- 
stances and results have been such as might seem to authorise 
the strangest hypotheses. 
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Thus on the 5th of November, 1755, lightning fell near 
Kouen on the powder magazine of Maromme, split one of the 
rafters of the roof, and broke into small pieces two casks filled 
witli gunpowder, yet without causing any Ignition ; (the maga- 
zine contained 800 such casks). 

In 1775, on the 11th of June, at daybreak, lightning fell on 
the tower of St. Secundus, at Venice, entered the .magazine, 
tore off shelves, and overthrew cases filled with powder, yet 
(wliich was then deemed miraculous) without causing any igni- 
tion or explosion. 

After the list of vessels struck by liglitning which I have 
given in*pp. 137 — 139., It might seem superfluous for me to insist 
further on the desirability of doing what we can to preserve 
ships from the effects of this meteor ; that list, however, having 
been made out for a particular object, contains much fewer in- 
stances than it would have done if I could have dispensed with 
tlic date and the geographical position of tlie occurrence. Thus, 
Irom the very limited circle of observations at my command, I 
might liave added to the forty-two citations in pages 137- -139. 
the following : — 

The (name unknown), English merchantman, si ruck by lightning in 1675, 
near the Bermudas. 

The (name unknown), merchantman, struck by lightning at Bencoolcn in 
1741. 

The (name unknown), Dutch ship, set on fire by lightning in 1746, in the 
liarbour of Batavia. When the fire reached the gunpowder, the ship blew 
up. 

The (name unknown), Dutch ship, struck by lightning and much damaged 
ill 1750, near Malacca. 

The “Harriot,” English packet, bound to New York, in 1762. The three 
masts were struck and shattered. 

The “Modeste,” French frigate, set on fire by a stroke of lightning in 
1 706, and completely consumed. 

Captain Cook’s ship, and a Dutch vessel struck by lightning in the harbour 
of Batavia. 

The “Zephyr,” French frigate, struck by lightning at Port au Prince 
(St. Domingo), on the 23d of September, 1772. The mainmast injured. 

“ Le Meillcur Ami,” of Bordeaux, struck by lightning at Port au Prince, 
on the 25th May, 1785. The main and mizen masts, and the maintop- 
mast were broken into a thousand pieces. 

The “Prevost de Langristin,” of La Ilochclle, struck by lightning at 
Port au Prince, on the 29th July, 1785, It was necessary to replace the 
main and maintop mast. 

The (name unknown), a French schooner had its mainmast shivered by 
lightning on the same day (July 29th, 1785), and in the same port. 

The “ Duke,” English ship of the line, of 90 guns, struck by lightning in 
1793 oir Martinique. One of the masts was entirely split. 
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The “ Gibraltar,” English ship of the line, struck by lightning in 1801, 
and much damaged, exactly over the powder-magazine. 

The “Perseus,” English vessel, struck by lightning at Port Jackson, in 
October, 1802. The ship narrowly escaped being wrecked in consequence. 

The “Desiree,” English frigate, struck by lightning at Jamaica in 1803, 
Shivers from one of its masts were found on shore. 

The “ Theseus,” English ship, struck by lightning near St. Domingo in 
1804. 

The “Mignonne,” English corvette, in the month of June, 1804, at Ja- 
maica. Three sailors were killed and nine hurt : the principal mast was 
much damaged. 

The “Desiree,” near Jamaica, 20th of August, 1804; several parts of the 
frigate were set on fire by lightning. 

The “Repulse,” English ship, in the Bay of Rosas, in 1809. 

The “Dedalus,” English frigate, at Jamaica, in 1809. Part of the crew 
were thrown down senseless. Lightning set fire to the very small quantity of 
powder then in one of the magazines. 

The “Hebe,” English frigate, at Jamaica, in 1809, struck by lightning 
and lost one of her masts. 

The (name unknown), English schooner, at Jamaica, in 1809. This ship 
foundered in consequence of the same stroke which damaged the “ Dedalus” 
and the “ Ilebe.” 

The “Glory,” English ship of the line, had all her masts split in 1811, 
near Cape Finistcre. 

The “Norge” (?) English man-of-war, and a merchantman, were struck 
by lightning in June 1814, at Jamaica. The man-of-war was dismasted. 

The “Palma,” English frigate, lost one of her masts by lightning in 1814, 
in the Port of Carthagena, in South America. 

The “ Medusa,” English brig, in the voyage from La Guayro to Liver- 
pool. 

The “ Amphion,” American ship, considerably damaged by lightning on 
the 21st of September, 1822, in her passage from New York to Rio Janeiro. 
All the compasses were spoiled. 

The “Jessie,” of London, about the middle of November, 1833, was so 
much damaged, that the crew abandoned her in 45° N. lat. and 14° W. 
long. 

The “ Carron,” English steamer, struck by lightning, in 1834, on her pas- 
sage from Greece to Malta. 

In looking attentively over the above, and the preceding 
list, it may be remarked, (and I tliink the remark likely to 
make an impression,) that in fifteen months of the years 1829 — 
1830, five ships of the English Royal Navy were struck by 
lightning in the Mediterranean, viz., the Mosquito,’’ 10 guns, 
the ^'Madagascar,” 50, and the "Ocean,” "Melville,” and 
" Gloucester,” ships of the line ; all these vessels suffered con- 
siderably in their masts. To those persons who say that 
damage by lightning is of very little importance in a pecuniary 
point of view, I would add that the mainmast of a frigate costs 
200/., and that of a ship of the line as much as 400/. 
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To SO many authentic instances of the effects of lightning, I 
might add that the English ship Resistance,” of 44 guns, and 
the Lynx,” after some strokes of lightning, disappeared alto- 
gether from among a convoy to which they belonged ; that the 
York,” 64, of which no tidings were heard after she had 
entered the Mediterranean, probably either blew up or foundered 
from the effects of lightning ; that the cases of vessels set on 
fire, mentioned in the above list, are not the only ones which 
might be cited ; that, for example, the Logan,” of New York, 
(spoken of earlier in the volume) of 420 tons, and 20,000/. 
value, was entirely consumed ; that the Hannibal,” of Boston, 
had the same fate in 1824 ; tliat the crews suffer as well as the 
masts, rigging, and hulls; that two men were killed, and 
twenty-two hurt by the lightning which struck the Cambrian ” 
at Plymouth, in 1799 ; that by a stroke of lightning the 
Sultan,” at Port Mahon, in 1808, lost five men killed on the 
spot, and two who were thrown overboard and drowned, besides 
three severely burnt; that nine seamch were killed by the 
stroke of lightning received by the Repulse ” in the Bay of 
Rosas (1809); that three seamen were killed, and five wounded 
on board the Austrian frigate Leipsic,” when she was struck 
by lightning in 1833, off Ccjihalonia, &c. &c. 

But what I have already related should be sufficient. I have 
cited facts without cither exaggeration or reserve. Every one 
may appreciate for himself the importance attaching to the 
modes of preservation from lightning which have been devised 
or imagined ; and we may now proceed to a serious examination 
of them. 


CHAP. XXXIX, 

MEANS OF PRESERVATION FROM LIGHTNING. 

I SHALL, I hope, be excused for briefly recalling certain pre- 
tended means of preservation which with our present knoAv- 
Icdge may appear absurd. But I would at any rate observe 
that the study of the aberrations of the human mind should not 
be separated from that of true discoveries, and that besides it is 
possible that very gross errors may still retain many partisans. 
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§ 1. On the means which men have thought suitable for their 
personal preservation from lightning, 

Greek literature has eomplotely initiated us into the ideas of 
the ancient philosophers respecting the cause of thunder ; but 
we find in it only very slight and imperfect allusions to two or 
three supiioscd means of preservation. 

Herodotus (book iv. chap. 94.) relates, that when it thunders 
and lightens the Thracians arc in the habit of shooting arrows 
against the sky, to threaten it. 

Remark that he distinctly says to threaten It.” There is 
no question at all of the power which the arrow, being metallic 
and pointed, would have of taking from the clouds some little 
portion of their fulminating matter. This is so clear, that even 
that fanatically-ardent admirer of antiquity, Dutens, drew back 
from the idea of assimilating the Thracian arrows to the light- 
ning-conductors of modern times, and from making the inven- 
tion of Franklin’s apparatus go back to the time of Herodotus. 

Pliny relates, that the Etruscans knew how to call down 
lightning froin the sky, and to direct it at their pleasure. That 
they thus made it strike a monster called Volta, who was ravag- 
ing the environs of Volsinia; that Numa possessed the same 
secret ; and that Tullus Hostillus, from want of exactness in 
the accomplisliment of the ceremonies which he had borrowed 
from his predecessor, drew the lightning upon himself. As to 
the means of thus evoking and directing the meteor, Pliny 
speaks only of sacrifices, prayers, &c. We may, therefore, pass 
to another subject. 

The ancients believed {vide Pliny, lib. ii. § 56.) that 
thunder never penetrates beyond six feet below the surface of 
the ground. They, therefore, regarded the greater part of 
caves or caverns as perfectly safe asylums ; and Suetonius said 
that as soon as a thunderstorm could be foreseen, Augustus used 
to retire into a low vaulted place. 

The vitreous tubes formed by the action of lightning, discussed 

* Is it true that there existed a Roman medal inscribed with the legend 
“Jupiter Elicius,” and representing that god'hovering on a cloud, while an 
Etruscan sends up a kite ? 

Duchoul made an engiming of a medal of Augustus, having on it a 
lemj)le of Juno, goddess of the air, the roof of which is armed by several 
I)uinted rods. Is this medal authentic ? (Laboissiere, Acad, du Card.) 
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at so much length by us in Chapter XXI., and which some- 
times go down to more than thirty feet below the surface of the 
eround, show how much the ancients -were mistaken. No one 
knows, no one even at the present time could say, at what depth 
there would be complete security from descending lightnings ; 
still less could such be assigned for ascending lightnings. 

For the sake of adding to the protection affot-ded^by the 
thickness of the masonry, stone, or earth covering over cither 
an artificial or natural cave or cavern, the emperors of Japan, 
according to Kajmpfer, have a cistern holding water fixed above 
the grotto into which they retire during thunderstorms. Tlic 
water is designed to extinguish the fire of the lightning. 

Under certain conditions, to be presently described, a sheet 
of water aifords an almost certiiin protection for whatever Is 
below it ; but it must not be thence inferred that fish may not 
be killed by lightning in very extensive masses of water. 

We are told by Weichard Valvasor (Plill. Trans, vol. xvi.) 
that about the year 1670 lightning having fallen on the lake of 
Zirknitz, such a quantity of fish were seen soon afterwards 
floating on the surface of the water tliat the inhabitants of the 
neighbourhood filled twenty-eight small carts with tliem. 

On the 14th of September, 1772, immediately after a stroke 
of lightning at Besan^on, the surface of the water was seen 
covered with fish, stunned and floating with the current. 

It was generally believed by the ancients, that persons lying 
In bed were safe from lightning. This opinion, extraordinary 
as it may be, has long continued to have some partisans. I 
even see that Mr. Howard took a particular pleasure in record- 
ing the two following anecdotes. 

On the 3rd of July, 1828, lightning fell on a cottage at 
Birdham, near Chichester. A wooden bedstead was broken to 
pieces by It, the bedclothes and mattress were rolled off on the 
ground, together with the person who was sleeping in the bed, 
who, nevertheless, escaped quite uninjured. 

On the 9tH of the same month, at Great Houghton, near 
Doncaster, by a stroke of lightning, the coverlid was torn off 
the bed in which Mrs. Brook lay, without that lady suffering in 
the least, otherwise than by the fright. 

But these facts may have placed opposite to them others no 
less authentic. 

The sixty-third volume of the Philosophical Transactions 
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contains a memoir, in which the Rev. Dr. Kirkshaw gives an 
account of all the circumstances attendant on the stroke of light- 
ning by which, on the 29th of September, 1772, Mr. Thomas 
Heartly was killed instantaneously, while sleeping in his bed. 
His wife, who was sleeping by his side, was not even awakened. 
The only effect of the lightning in her case was a numbness and 
pain in The right arm, which lasted a few days. 

On the 27th of September, 1819, at 5 o’clock, A.M., at 
Confolens (Charente), lightning fell on a house, where it killed 
the servant-maid, who was in her bed. The body was marked 
by a furrow from the neck to the right leg. 

The idea that a mattress formed a sufficient protection against 
lightning, was formerly very general; and, in consequence, 
some persons used to take refuge under tlie mattresses of their 
beds during thunderstorms. The stroke of lightning in the 
barrack of St. Maurice, at Lille, on the 5th of September, 1838, 
showed that it would be a mistake to place much doj)endence 
on such a preservative. Dr. Poggiale observed that the mat- 
tresses of two beds, in each of which a soldier was sleeping, 
were pierced through and through by'the lightning. 

Among the Romans, sealskins were regarded as efficient pre- 
servatives against lightning. They were used, on this account, 
for covering tents, under which timid .persons sought refuge 
during thunderstorms. Suetonius relates, that the Emperor 
Augustus, who had a dread of thunder, always wore one of 
these skins. 

In the Cevennes, where Roman colonies existed so long, the 
shepherds collect with care the cast-off skins of snakes ; and 
even at the present day twist them round their hats, and 
believe that they thereby secure themselves against lightning. 
(Laboissiere, Acad, du Gard.) It would seem as if these snake- 
skins had been formerly regarded as having the same property 
as that attributed to the more rare and costly sealskins. 

We know of no reason, practical or theoretical, to justify the 
value attached to sealskins by Augustus. The general idea 
that during thunderstorms there may be some preference due 
to one kind of clothing over another as regards lightning, is 
not, however, in any way opposed to modern knowledge. I 
might even cite many cases in which persons appear to have 
escaped, or to have suffered from lightning, according to the 
material of which their clothes were made. 
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Rubruquis, in his Relation dHun Voyage en Tartane^ under- 
taken by the orders of Louis IX., says that the inhabitants of 
that country are extremely afraid of thunder and lightning; 
that when they hear thunder they expel all strangers from 
their dwellings, wrap themselves up in felts, or thick black 
cloths, and remain thus without moving until the storm ceases. 

On the day of the catastrophe at ChatcauneufJes-Mouticrs, 
related in pi 179., two out of three priests who were round the 
altar were severely injured, the third was quite unhurt; he 
was the only one who was dressed in vestments ornamented 
with silk.* 

The following facts are still more remarkable for they show 
that. an animal may be more or less hurt on different parts of 
his body, according to the colour of the hair over those parts. 

Early in September, 1774, at Swanborough in Sussex, light- 
ning struck an ox of a reddish colour spotted with white: it 
was afterwards remarked with surprise that not a hair was left 
on the white spots, while the red part showed no signs of 
injury. The owner of the animal told Mr. James Lambert 
that two years before, another ox, spotted with white, which 
had also been struck by lightning, presented exactly the same 
phenomenon. 

Lastly, on the 20th of Sei^tcmber,- 1775, a dapjded horse 
having been struck by lightning at Glynd, its owner remarked 
that on all the white spots the hair came off on the slightest 
touch, while over the other parts it had its usual adherence. 

Suetonius said that ^^when the sky was stormy, Tiberius 
was careful to wear a laurel crown, from the idea that the 
foliage of the laurel is never scathed by lightning.” 

The Chinese consider the mulberry and the peach tree as 
good preservatives against lightning. (Edouard Biot.) 

The opinion that certain kinds of trees are never struck by 
lightning still prevails extensively. 

Mr. Hugh Maxwell wrote, in 1787, to the American Academy, 

♦ According to indirect experiments, all physicists recognise oil-clotb, 
silk, and wool as less permeable to lightning than linen or other tissues of 
vegetable substances. They are less unanimous on the preference due to 
wet or dry clothing. Nollet objects to wet garments, that water is one of 
the bodies towards which lightning turns by preference. Franklin, on the 
contrary, deems wet garments advantageous, from the idea that they may 
form safe conductors, transmitting the fulminating matter, if it should strike 
them, directly to the ground. 
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that from his own experience, and from the information whicli 
he had collected from a great number of persons, he thought he 
might assert that the elm, the chestnut, the oak, and the i)iiie 
are often struck by lightning ; the ash, rarely ; and the beech, 
birch, and maple, never. 

Captain Dibdcn did not admit such marked distinctions. 
In a letter to Wilson, dated in 1764, he contented himself with 
saying, that in the forest in Virginia, which he had been visiting 
in the preceding year, the pines, although much loftier than the 
oaks, were nevertheless much less often struck. He added, I 
do not remember having ever seen any oaks growing among the 
pines in places where a few of the latter had been struck.” I 
subjoin a few facts which will dispel many doubts. 

The ancients believed that the laurel is never struck by 
lightning. The expression never could not now be justified; 
for I find in the notes of Poinsinet dc Siviy, one of the trans- 
lators of Pliny, that Sennert, Vicomercatus, and Sachs record 
several instances of laurels struck by lightning. 

Maxwell classes the bccch among the trees which the light- 
ning respects. I find in a pamphlet by M. Ilericart dc Thury, 
distributed amongst the members of the Academy of Sciences, 
that an old beech tree, which had been preserved in 1835, when 
the surrounding tall timber trees had been felled in the middle 
of tlie forest at Villers-Cottcret, was struck by lightning and 
nearly destroyed in the month of July in the same year. 

Theoretical considerations had tended to induce a belief that 
resinous trees would be spared by lightning; yet we see that 
Maxwell named pines among the kinds of trees most often 
struck. In the pamphlet by M. de Thury, which I have just 
cited, I find, among the instances of trees struck by lightning ; — 
A pine at St. Martin-de-Thury, on the 2nd of August, 1821. 
A fir-tree at St. Jean-de-Day (Manche), in June, 1836. 

A wild cherry-tree at Anthilly, in August, 1834. 

An acacia at St. Jean-le-pauvre-dc-Thury, in September, 
1814. 

An elm at Moiselles, in June, 1823, 

Oaks and poplars. 

Men are often struck by lightning in the middle of open 
plains. Many facts show that the danger is still greater under 
trees ; from this double remark. Dr. Winthrop inferred that 
when surprised by a thunderstorm in the open country, the best 
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thing to be done to avoid lightning is to place oneself at a little 
distance from some large tree ; by a little distance,” he meant 
anything from 16 to 40 feet. A still more favourable station 
would be one intermediate between two trees, at the prescribed 
distance from both. Franklin approved these precepts. Henley, 
who also thought them confirmed both by theory and experience, 
recommended in the case of a single tree, five or six yards 
beyond the extremity of the longest branches. 

From analogy physicists have admitted that lightning respects 
glass; it was but a step from thence to suppose that a cage 
constructed wholly of glass would be an asylum perfectly 
secure, and such cages have not only been proposed for per- 
sons afraid of lightning, but have actually been made ! 

I am quite ready to grant that during a thunderstorm a 
covering of glass a little diminishes tlie danger which may exist, 
but I cannot admit that it does away with it altogether. My 
reasons are the following : — 

When the Minuzzi Palace, in the territory of Ceneda, was 
violently struck by lightning on the 15th of June, 1776, more 
than eight hundred panes of glass were cither pierced or broken 
by the lightning. 

When in September, 1780, In his house at Eastbourne, 
Mr. James Adair was thrown to the ground by the stroke of 
lightning which killed two of his servants, he was standing 
behind a glass window. The framework of the window was 
uninjured, but the panes of glass had completely disappeared ; 
the lightning had reduced them to powder. 

In this case it is, indeed, possible to suppose that the glass 
was broken by the concussion of the air caused by the detona- 
tion. Let us take facts which are less doubtful. 

On the 17th of September, 1772, lightning struck at Padua 
a house situated at Prato della Valle ; it pierced a pane of glass 
in a window on the ground-floor, making a hole as round and 
clean as if drilled with an auger. 

The engineer Caselli of Alessandria, In 1678, observed in 
the glass of his windows. Immediately after a stroke of light- 
ning, round holes, with scarcely any adjoining cracks, {See 
p. 84.) 

In September, 1824, the house of Mr. William Bremmcr, at 
Milton Comage, being struck by lightning, one of the panes 
of glass in a window was found to have been perforated by a 

o 
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circular hole the size of a bullet ; the whole of the rest of the 
pane was without crack or fracture of any sort^ 

A perfectly circular hole, without any crack or starring, 
could not be the result of the concussion of the air caused by a 
detonation ; it is a fact Avliicli might also be cited in support, if 
need were, of the extreme rapidity of the motion of fulminating 
matter. The three observations which have been cited (^. e. the 
one in Mr. Bremmer’s house, and those of Padua and Ales- 
sandria,) may serve to undeceive those who imagine that panes of 
glass oppose an impassable barrier to the passage of lightning. 

Very numerous examples have proved that persons are never 
struck by lightning without its attacking more particularly por- 
tions of metal worn by them. It may, then, be admitted, that 
the danger of being struck is sensibly increased by metals 
attached to the person. Every one will be ready to admit this, 
where the metallic masses are at all considerable ; I may men- 
tion that on the 21st of July 1819 lightning fell on the prison 
of Biberach, in Swabia; and that, in the great hall, amidst 
twenty prisoners, the one struck was the condemned chief of a 
band of robbers, who was chained by the waist. 

The supposition may be more difficult to justify, as applied 
to the small portions of metal which form part of our ordinary 
apparel. The curious observation made by M. de Saussurc 
and his travelling companions, on the Breven, in 1767, may, 
liowcver, perhaps be regarded as evidence on this point. 

The weather was thundery. On raising the hand, and 
stretching out a finger, a kind of pricking was felt at the finger- 
ends. M. Jalabert, who had gold-lace round his hat, heard, 
moreover, a buzzing round his head. Sparks were drawn both 
from the gold button of M. Jalabcrt’s hat, and from the iron 
ferrule of a large stick which they carried. 

* I had long known, that according to the reports of different observers, 
the atmosphere, when strongly impregnated witli fulminating matter during 
a heavy fall of snow, becomes sonorous to such an astonishing degree that 
it is sufficient to move one’s fingers with some rapidity to produce musical 
sounds. However, when speaking of luminous plumes during thunder- 
storms in Chap. XXX., I did not venture to mention the singular acoustic 
properties which arc said to follow from the atmospheric condition of which 
we are speaking. A note, which I have just met with in Brewster’s 
Encyclopedia, though it does not remove my doubts, has so far shaken 
them as to induce me to revert to the subject. 

The celebrated Edinburgh physicist says that Messrs. Tupper and Lan- 
fiar, having ascended Mount Etna in July, 1814, were overtaken in their 
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Let the intensity of the storm be a little Increased, and under 
circumstances similar to those which existed on the Breven, the 
slight gold-lace and little button will become causes of explo- 
sion, and M. Jalabert will be struck by lightning rather than 
his companions, whose hats were not adorned with gold-lace or 
buttons. 

The following fact, reported by Constantini in 1749, is still 
more directly to the purpose. 

A lady was putting out her hand to close a window during a 
thunderstorm, the lightning darted, and the gold bracelet 
which she wore disappeared altogether, so that no vestige of 
it was found. She herself received only some very slight 
hurts. 

Without these preliminary remarks, my readers might have 
been surprised at my introducing here the explanation given by 
the celebrated traveller Brydone, of an accident which happened 
to a lady of his acquaintance, Mrs. Douglas. 

She was looking out of her window during a thunderstorm, 
when a flash of lightning reduced her bonnet to ashes, without 
doing any other injury whatsoever. Mr. Brydone considered 
that the lightning had been attracted by the thin metallic wir^ 
supporting the front of the bonnet, and accordingly recom- 
mended the discontinuance of the use of such wires, as well as 
of hair pins and bodkins*, and other metallic ornaments for the 
hair. He added, that if, as he naturally feared would be the 
case, his counsels on these points should be ineffeetual, he 
should recommend a thin chain or wire, which might be hooked 

descent, when not far from the Casa degli Inglesi, by a heavy fall of snow, 
accompanied by violent thunder. The travellers and their guide not only 
heard, as Saussure and Jalabert had done, a simple hissing sound, when 
they stretched out a hand with one finger open and the rest closed, — but 
when tliey proceeded to move the said finger in different directions and 
with different degrees of rapidity through the snowy atmosphere, they 
found they could at pleasure px-oducc a great variety of musical sounds 
sufficiently intense to be heard at a distance of more than forty feet. 

I know very well what difficulty there is in forming a conception of 
how discharges proceeding from snow-flakes could have such regularity of 
intervals of space as is needed for the production of musical sounds ; but 
where should we be if we were to deny every fact which we cannot ex- 
plain ? 

* Kundmann relates that a brass bodkin worn by a young girl to fasten 
her hair, was fused by a stroke of lightning ; the wearer escaped, and even 
her hair was not burnt. 
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on to the front of the bonnet during a storni, and falling down 
to the ground would act as a conductor. 

Strictly speaking, no doubt it is better not to have pieces of 
metal about the person during a thunderstorm ; but is it worth 
while to regard the amount of increased danger occasioned by a 
'watch, a buckle, a chain, pieces of money, wires, pins, or other 
pieces of metal employed in men or women’s apparel ? It is 
a question which does not admit of being answered generally, 
since it will be viewed differently by different persons, accord- 
ing as they are more or less influenced by the degree of appre- 
hension which they entertain. 

§ 2. When lightning falls on men or animals ranged either in 
a straight line or in an open curve^ it is at the two extremities 
of the line that its effects arcy generally speakingy most intense 
and disastrous. 

This theorem, if I may permit myself to call It so, appears to 
follow from the facts which I have collected, and which I 
proceed to analyse. Every one, I hope, will understand that I 
am here considering a purely scientific question ; and that in 
indicating the place least exposed to danger, I am very far 
from advising any one to take it ; since if they thereby lessened 
their own risk, it would only be by increasing the risk of 
others. 

On the 2nd of August 1785, at Ramboulllet, lightning fell 
on a stable where tliirty-two horses were ranged in a row. 
Thirty were thrown down ; only two were killed, one falling 
dead on the instant, the other dying subsequently of the severe 
injuries he received: they were the two which occupied the 
two extremities of the file. 

On the 22nd of August, 1808, lightning fell on a house in 
th6 village of Knonau, in Switzerland. Five children were 
sitting reading on a bench in a room on tlic ground-floor. The 
first and the last were killed on the spot; the three others 
suffered only a violent concussion. 

At Flavigny (Cute d’Or), five horses were in a stable where 
lightning entered. The two first and two last were killed, the 
middle one was quite unhurt. 

♦ I cite this fact in support of the proposition at the head of this chapter, 
although at the time and at the place where it happened it was explained 
by the remark, that the horse which escaped was blind, and the four others 
were not. 
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One of my friends informs me that a few years ago, in a 
town in Franclic-Comt6 he was told, only a few days after the 
occurrence, of lightning having fallen on a string of five horses 
in the open field, and having killed the first and the last, and 
left the three middle ones apparently quite unhurt.* 

We know and understand that when lightning encounters a 
metallic bar, it is only on entering and on quitting it, that it 
does much damage. It is easy to conceive that the same thing 
may hapj)cn with any other kind of body; but I think this 
would scarcely have been imagined to extend to cases where 
the continuity is largely interrupted; as for example, — that 
thirty- two horses, arranged with the ordinary intervals in a 
stable, sliould have to be considered, so far as the effects of 
lightning arc concerned, as a single mass having a beginning 
and an end. Yet to what other assimilation can we have 
recourse to explain the curious phenomenon to which this para- 
graph is devoted ? 

§ 3. Precautions loldch may he adopted hy persons afraid of 

lightning. 

Franklin has given some precepts for the use of such persons 

* In the year nine of the republic, lightning fell at Praville, near Chartres, 
on a 'wiiicimill, set it on fire and everything was burnt. The miller was at 
the time on the road walking between a horse and a mule both laden with 
corn. The two animals were struck dead ; the man was violently stunned, 
but otherwise escaped with only the loss of his hat and some locks of his 
hair, which were burnt. 

I have not placed this case in the text because I think it is less direct to 
the point, inasmuch as it is not self-evident that lightning kills all kinds of 
animals with equal flicility, and it even appears to me to be shown by 
several facts that men resist its effects better than horses and dogs. 

On the 12th of April, 1781, Messrs. d’Aussac, de Gautran, and de Laval- 
longue, were struck by lightning near Castres. The three horses on which 
those gentlemen rode were killed on the spot. Only one of the riders, 
M. d’Aussac, perished. 

In June 1826, near Worcester, a mare led by a boy was killed by light- 
ning ; the boy was unhurt. 

In June 1810, Mr. Cowens was in a room with his dog by his side, when 
lightning entered the room ; the dog only was killed, Mr. Cowens barely felt 
the shock. 

On the 11th of July 1819, as already related, lightning killed nine per- 
sons out of the congregation assembled at divine service in the church at 
Chateau-Heuf-les-Mouticrs ; but it was not added that several dogs which 
were in the church were all killed without exception. These animals were 
all found dead in the attitudes in which they were before the^ stroke. 

o 3 
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who, during thunderstorms, are in houses not provided with 
lightning conductors. 

He recommends them to avoid the neighbourhood of fire- 
places. Lightning does indeed often enter by the chimney, 
on account of the internal coating of soot, which is one of the 
bodies for which, as for metals, lightning evinces a preference. 

For the same reason avoid, as much as possible, metals, 
gildings, and mirrors on account of their quicksilver. 

The best place is in the middle of the room ; unless, indeed, 
there should be a lamp or chandelier hanging from the ceiling. 

The less the contact with the walls or the floor, the less the 
danger.^ A hammock suspended by silken cords in the middle 
of a large room, would be the safest place. 

In the absence of means of suspension, the next best place is 
on substances which arc bad conductors, such as glass, pitch, or 
several mattresses. 

These precautions must be supposed to diminish the danger, 
but tlioy do not altogether remove it. There have been instances 
of glass, pitch, and several thicknesses of mattresses being tra- 
versed by lightning. It should also be understood, that if the 
lightning docs not find round the room a continuity of metal 
which it may follow, it may dart from one point to another 
diametrically opposite, and thus encounter persons in the middle 
of the room, even if they were suspended in hammocks. 

Some meteorologists — Balitoro, among others, — assert that 
lightning never strikes the northern face of buildings ; they say 
the south-east is the aspect most exposed to danger. 

This opinion is said to be suflScicntly prevalent in Italy to 
induce many persons to move, during thunderstorms, into those 
rooms which look towards the north. If all this be correct, per- 
haps it may only be from the direction in which, in our climates, 
the wind almost always blows during thunderstorms. 

Clouds coming from the south, strongly charged with light- 
ning, may be expected to discharge it on the first, or southern, 
face of the buildings over wdiich they pass. But now that 
we know that the streamers of the Aurora range themselves 
parallel to the magnetic dipping-needle, what right have we to 
deny the possibility of a community of direction in fulminating 
darts ? 

According to Nollet, with similar elevations, and all other 
circumstances equal, spires and steeples covered with slates, are 
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more often and more violently struck by lightning, than those 
which are built of stone. 

I do not think that the cause of such a difference should be 
sought in some specific difference between the substance of the 
slate and that of the stone. It would be more likely to be 
found in the humidity which, during heavy rain, so easily pene- 
trates between the slates to the timber and laths on which they 
rest, and to the number of iron nails employed in fixing them. 

The greater the mass and the volume of the conducting 
matter brought together in one place, the greater the chance of 
being struck by lightning in its neighbourhood. This being 
once admitted, since living man is a sufficiently good conductor of 
the fulminating matter, ought we utterly to reject the opinion 
of some able physicists (of Nollet, for example), who think that 
the danger of being struck by lightning in a church increases 
with the number of persons assembled there ? 

There is another cause which may contril)ute to render nume- 
rous assemblages of men or animals dangerous during thunder- 
storms. Their perspiration cannot fail to occasion an ascending 
column of vaj)our ; and, as it is well known that moist air is a 
better conductor of lightning than dry air, such a column has a 
natural tendency to attract the lightning by preference to the 
place from which it proceeds. Need we therefore be surprised 
that flocks of sheep are so often struck by lightning, and that a 
single stroke should sometimes cause the death of thirty, forty, 
and even fifty of those animals? 

In America it is a generally received opinion, that barns full 
of grain or of forage arc more often struck by lightning than 
other buildings. 

This circumstance would also seem to be attributable to an 
ascending current of moist air, of which the origin may be 
easily accounted for, since crops arc usually housed before they 
have arrived at a state of great dryness. 

It sometimes happens that one person in the midst of a nu- 
merous group is struck by lightning, without the determining 
causes of this kind of selection being at all discerned, — without 
the sufferer wearing more metal about his person than the rest 
of the party, and without his position relatively to surrounding 
objects presenting any apparent peculiarity. 

I say any apparent peculiarity, because a cause may be 
active without being apparent ; for a mass of iron concealed in 
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the thickness of a wall, produces just as much effect as if it was 
uncovered, &c. It can very rarely happen that it can be safely 
affirmed, that all circumstances were identically the same in the 
situations occupied by the persons struck and those who were 
spared. The latter may have been further from some mass of 
metal, water, &c. &c., existing, concealed and unsuspected, 
under the floor, behind a wainscot, in the earth, &c. &c. 

It would seem difficult to arrive, in this manner, at discover- 
ing whether they are any specific differences between different 
individuals, in their degree of liability to being struck. This 
doubt could only be elucidated by the aid of indirect experi- 
ments, which will be examined in a future chapter. In this 
place I content myself with saying that there are specific dif- 
ferences; and that, during a thunderstorm, in situations per- 
fectly similar, one man may, by the nature of his constitution, 
be in greater danger than another. 

§ 4. Ts the danger of being struck by lightning increased by 
riinnivgy or by rapid motion during a storm 9 

It is said that it is dangerous during storms either to run or 
to ride fast; it is even added, that persons should not walk or 
ride at all against the wind, or in the direction opposite to that 

* On further consideration, I am disposed to give in this place, In a few 
words, a general idea of the experiments alluded to. 

The matter which darts in sparks from the conductor of an electric 
machine after the plate has been turned for some time, is fulminating 
matter. Like fulminating matter, or lightning, it is transmitted almost 
without loss of power through great extents of metal, water, &c. It also 
traverses pretty freely a number of men joined hand in hand, and forming a 
chain. It is, however, found that there are some persons who abruptly 
arrest, or form an obstacle to, the communication, and who do not feel the 
shock, even if placed next to the first person in the file. Such exceptional 
persons must be classed exceptionally among the non-conducting or imper- 
fectly-conducting bodies which lightning respects, or at least rarely strikes. 

Such strongly marked diflerences imply intermediate shades. Now 
every degree of eonductibility corresponds during a thunderstorm to a 
certain degree of danger. A man, who should be as good a conductor as a 
metal, would be as liable to be struck as a mass of metal ; a man who would 
interrupt the transmission of electricity when forming one of a chain, would 
be almost as little likely to be struck as if his body were of the nature of 
glass or of resin. Between two such extreme cases there would be persons 
whose liability would be similar to that of wood, of stones, &c. &c. Thus it 
would seem that the place occupied by each person is not the only in- 
ilucntial circumstance : the physical constitution of the individual may also 
have some share in the result. 
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in which the clouds are moving. These two recommendations, 
when examined, are seen to signify that one should avoid being 
in a current of air. 

Does a current of air really tend to attract lightning, or to 
facilitate its fall ? For want of decisive means of answering 
this question, the advisers refer to the general habit which pre- 
vails of shutting doors and windows when a storm commences, 
as if it were the result of actual experiment or experience ; 
saying that nations living remote from each other would not 
have generally agreed on the same practice if it possessed no 
real advantage. Need I remark that there is no popular preju- 
dice which might not be justified by. such reasoning ? 

Moreover, during a thunderstorm, wind and rain prevail, and 
would alone be sufficient to render the practice alluded to a 
very natural one. It is true, that in some countries the custom 
is also based on superstitious ideas ; for in Estlionia they say 
that they close even the smallest apertures of their houses 
against the entrance of the Evil Spirit, who is at such times 
fleeing from the DivineVrath, manifested by the voice of the 
thunder (Salverte, Des Sciences Occultes). Is it not remark- 
able that in some countries the J ews have been led by religious 
ideas to a precisely opposite practice ? The Abbe Dechman 
says that as soon as lightning flashes across the clouds, the 
Jews of those countries throw open their doors and windows, 
in order that the Messiah, whose coming is to be heralded by 
thunder, may enter the house chosen by him. 

To revert to the examination of the question of the Influence 
of currents of air, so far as the present state of our knowledge 
permits : 

The atmosphere opposes a certain resistance to the passage 
of the matter of lightning. It is probable that this resistance 
diminishes as the temperature and humidity increase, and as 
the barometric pressure diminishes. If so, whatever dimi- 
nishes the density of the air tends more or less to attract the 
lightning. A man running, in calm weather, leaves behind 
him a space in which, mathematically speaking, the air is com- 
paratively rarified. All other circumstances being equal, light- 
ning will be more likely, to strike such a space. 

The circumstances attending on the following fact were 
communicated to me by my illustrious confrh^y Admiral Kous- 



202 


METEOROLOGICAL ESSAYS. 


sfin ; it may be regarded as in some slight degree favourable to 
the above conjectures. 

The frigate La Junon^ sailing to India, was assailed on the 
18th of April, 1830, not far from the Canaries, by a violent 
thunderstorm, during which, notwithstanding the lightning- 
conductors, lightning fell on board the ship. 

The fact of the fall of the lightning does not appear doubt- 
ful. Immediately after the explosion, a strong sulphurous 
smell was perceived all over the ship. Persons on the after 
part of the deck saw a flame detach itself from the chain of the 
conductor. This flame showed itself at a point situated half- 
way between the maintop and the quarter netting, and went to 
the larboard side, where it disappeared in the waves, whereas 
the extremity of the chain communicated with the sea on the 
opposite, or starboard side of the ship. Lastly, I have to add 
that, simultaneously with the thunderclap, one of the crew 
was so completely asphyxiated that he was thought to be 
dead. 

After the accident. It was asccrtaiticd that the chain com- 
posed of brass wires twisted like cordage, and forming a cylin- 
der of about 4-tcnths of an inch diameter, had not been any- 
where broken. The point of the metallic rod screwed to the 
mainmast head, and with which the conducting chain com- 
municated, was alone burnt. 

We have thus the fact of a lateral discharge of lightning 
coming from the conductor actually known to us in all its 
details. It would remain to find the explanation. The first 
explanation which suggests itself, is to suppose that the me- 
tallic chain was of much too small diameter. Might it not be 
supposed, in addition, that at the moment of the discharge the 
extremity of the chain did not enter the water? This ex- 
tremity is attached to a brass or copper plate, nailed usually to 
the two or three first streaks below the water line. The plate 
was on the starboard side, and the wind was on the starboard 
quarter ; and in the narrative the wind is spoken of as very 
strong at the time. Everything, therefore, tends to lead us to 
believe that the rolling of the ship momentarily lifted the lower 
extremity of the conductor ; unfortunately we cannot say how 
much ; and this circumstance must be admitted to materially 
lessen the weight of the conjecture which I have ventured 
to put forward. 
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On board the frigate every one was convinced that the light- 
ning had quitted the conductor from the effect of the very 
violent wind which was then blowing. I am certainly very 
far from regarding this explanation as sufficient. On the other 
hand, however, I would not venture to declare it unworthy of 
examination. Under the lee of the conducting metallic chain, 
as under that of the rigging, masts, &c., there would have 
been, as the result of a phenomenon well known to those con- 
versant with hydraulics under the name of lateral communi- 
cation of motion, a sort of vacuum; that is to say, a small 
space in which the atmospheric pressure was considerably 
weakened. Now it would not be according to a true philo- 
sophical spirit unreservedly to deny any influence from this 
abrupt diminution of pressure, especially in the presence of 
many observations in physics, which I shall have to speak of in 
the sequel, when viewing the phenomena of artificial electricity 
in connection with those of lightning. 

I have thus noticed the principal considerations on which the 
recommendation not to move rapidly during thunder may have 
been grounded. It is permitted, however, to every one to ask 
himself whether what is gained by standing still or moving 
slowly, in lessening the risk of lightning, is an adequate com- 
pensation for the uiqflcasantness of being wetted by a heavy 
shower. 

§ 5. ii, as some physicists suppose^ the constitution of the clouds 

from which lightning is incessantly darting suchy as to cause 

imminent danger of death to those who should traverse them f 

The intimate constitution of clouds is too imperfectly known 
for us to be able to estimate from theoretical considerations the 
amount of danger which may be incurred from approaching too 
nearly to the focus of a thunderstorm. On this point, general 
opinion appears to me to be much more a matter of sentiment 
than the result of any thorough discussion. Black clouds 
sometimes dart afar destruction, conflagration, and death I 
What, then, ought not to be expected from their close proxi- 
mity ? Such is the vague impression; and perhaps Volta him- 
self had no better guide when, in his memoir on the formation 
of hail, he treated the project of traversing a storm cloud as a 
piece of unheard-of daring. The question has, however, ap- 
peared to me to deserve examination. I thought it important 
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to know whether meteorologists might preserve the hope of 
being able, sooner or later, to study the phenomena of lightning 
in the very region where it is elaborated. It seemed also* use- 
ful to appreciate at its just value the danger incurred on certain 
mountains, when storms are formed too rapidly to allow tra- 
vellers time to escape them. My task has been simply to 
examine whether jjcrsons had ever been in the midst of clouds 
which were the seat of decided thunderstorm without perishing 
there ; but I knew it was indispensable that I should only admit 
clear and precise observations exempt from ambiguity. I find 
all these characters in a narrative by the Abbe Richard, author 
of the Ilistoire de VAir et des Metcores. 

At the end of August, 1750, M. Richard was driving in a 
carriage up the little mountain of Royer, a short distance from 
Senecey, between Chalon-sur-Saone and Tournus. Three 
quarters of the way up the mountain there was a stationary 
cloud, in which thunder growled from time to time. M. Richard 
soon reached this cloud. From the moment of doing so the 
thunder no longer manifested itself by sudden claps, alternating 
with intervals of silence: it now made a continual rumbling, 
resembling that of a heap of walnuts rolled about on the floor. 
When the observer had attained the summit of the mountain, 
he found himself above the cloud, which had not ceased to be a 
thunder-cloud, for it was traversed by brilliant lightnings, and 
loud detonations issued from it. 

The next example which I shall cite is not vouched for by 
the testimony of a physicist. This may, perhaps, be rather an 
advantage, since the few and very simple circumstances of the 
l)henomenon were collected by a person who had no system to 
support. I wrote down the following account from my sister’s 
dictation : — 

Some years ago I set off one morning, with two friends, 
from the village of Estagel, for Limoux. Our carriage had 
already climbed a good portion of the steep and winding road 
of the Col St. Louis, when the whole valley became sud- 
denly covered with storm-clouds. One could not doubt their 
being such, since bright flashes and loud thunderclaps proceeded 
from them. The ladies who were with me, and I myself, wished 
to turn back, but our driver was of an opposite opinion ; he 
accordingly went on to meet the storm. As we were much 
frightened wc shut our eyes, that we might not sec the light- 
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ning, and stopped our cars that we might not hear the thunder. 
We had been for about a quarter of an hour in this state, when 
to our great joy the driver informed us that all danger was 
passed. The cloud was now below us ; it was still the scat of 
lightning and thunder, but our uneasiness ceased, for we en- 
joyed a clear sky and the brightest sunshine.” 

Captains Peytier and Hossard, of whom I have already made 
honourable mention, were on the Pyrenees in the midst of 
clouds forming the focus of a manifest thunderstorm, on the 
following occasions. 

On the summit of the Peak of Anie, at a height of 7,215 feet, 
on the 15th of June, 1825, and on the 20th, 24th, and 25th of 
July, 1827. 

The storm of the 15th of June lasted six hours; the hair of 
the observers and the tassels of their caps stood on end; a 
hissing sound was heard round every prominent j)oint of their 
persons. 

On the summit of the Peak Lestibete, at a height of 6,073 
feet, on the 4th, 5th, 6th, and 13th of July, 1826. 

During the storm of the 13th, there fell star-shaped hail- 
stones nearly an inch and two-tenths in diameter. 

On the mountain of Troumousc, at a height of 10,125 feet, 
on the 9th and 13th of August, 1826. 

The storm of tlic 9th lasted twenty-four hours ; it hailed and 
rained, and the thunder-peals were very frequent. The tent, 
although made of three folds of very tight and strong jean, 
sometimes looked as if it were all on fire. Captain Hossard’s 
loaded fowling-piece, left outside the tent for the sake of pre- 
caution, showed on the morrow several evident traces of fusion 
at the extremity of the barrel. Seen from the valley this 
storm appeared so violent that the inhabitants of Il^as were 
alarmed for the safety of the two officers and their guides. 

On the Peak of Baletous, at a height of 10,320 feet, on the 
25th, 30th, and 31st of August, 1826. 

Rain, hail, snow, exceedingly vivid lightnings instantly fol- 
lowed by thunder. On the 31st lightning struck a ptarmigan 
which the guides had suspended by a string to a pole. The 
end of the wooden, pple was charred; the feathers had been 
torn from the bird in a stripe from the head to the tail. Seen 
from the village of Arrens the storm had appeared so violent 
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that the inhabitants did not expect the observers to return from 
the Pic de Baletous. 

§ 6. Are persons struck before they see lightning ? 

I doubt whether a few years ago any physicist would have 
ventured publicly to propose the above question. It was then 
supposed that nothing could be more rapid than light. A well 
ascertained velocity of 80,000 leagues per second seemed suf- 
ficiently astonishing for the imagination not to seek for anything 
beyond it. But Mr. Wheatstone’s experiments might reasonably 
change these dispositions. They have, I will not say demon- 
strated, but at least indicated, the possibility of velocities much 
more considerable than that of light, and this in that electric 
matter, the identity of which with the matter of lightning so 
many comparisons tend to establish. The question enounced 
in this heading is tlierefore deserving, in a tlieoretical point of 
view, of an examination, in which meteorology could but gain. 
I also believe that the problem has some points of contact with 
physiology ; and, lastly, I have thought that many timid per- 
sons might be in part relieved from the distressing state of 
mind which takes possession of them during thunderstorms, by 
its being proved to them that the danger they fear is already 
past when the lightning appears. 

A farmer, in Cornwall, Thomas Oliver, who was thrown to 
the ground senseless by a terrible stroke of thunder on the 20th 
of December, 1752, had been so far from either hearing the 
thunder or seeing the lightning, that when he came to himself, 
at the end of a quarter of an hour, his first thought was to ask 
who had knocked him down. 

A man was struck by a thunderbolt near Bitche, on the 
11th of June, 1757. After his recovery from a long swoon, 
the Abbe Chappe asked him what he had perceived ; he an- 
swered, I heard nothing and I saw nothing.” 

The Rev. Anthony Williams, rector of St. Kevern, Corn- 
wall, was struck by the thunderbolt which, on the 18th of 
February, 1770, damaged his church, as before described; on 
returning to himself, after a long swoon, he declared he had 
neither seen lightning nor heard thunder. 

Mr. Howard questioned the survivor of two gardeners, who 
had been thrown senseless to the ground by a thunderbolt, in 
1807, at a country house, near Manchester. The man (George 
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Bradbury) declared positively that he had neither heard the 
thunder nor seen the flash of lightning at the moment of the 
accident. 

On the 11th of July, 1819, a thunderbolt fell, as before 
stated, on the church of Chateau-Neuf-les-Moutiers, in the 
departement des Basses Alpcs. Nine persons were killed and 
eighty-two hurt. The curate of Mouticrs was among the 
latter. He was taken up completely asphyxiated; his surplice 
was on fire ; when he recovered consciousness, two hours after 
the accident, he declared he had known nothing as to what 
had happened.” 

Mr. Rockwell, who was struck by lightning in August, 1821, 
had neither seen the lightning nor heard the thunder. 

A man of the name of Reeves was at work on repairs to 
Salisbury spire in June, 1829 ; he fell senseless from the effects 
of a violent thunderstroke. When recovered from a long swoon, 
he declared that when he fell he had not seen the flash of 
lightning. 


CIIAB. XL. 

ON DANGERS CAUSED BY WIRES OF ELECTRIC TELEGRAPHS. 

It sometimes happens that posts supporting the wires of an 
electric telegraph are struck by lightning and the wood torn in 
the usual manner, the wires remaining intact and supporting 
the upper portions of the posts. Sometimes several adjacent 
posts arc struck at the same time; in other cases the posts 
struck have intermediately between them others Avhich remain 
uninjured. These facts, which have been perfectly well au- 
thenticated, have caused it to be supposed that the wires of 
electric telegraphs increase the danger of being struck by light- 
ning to persons passing at a short distance from them. 

Mr. Henry, of the United States, has tried to connect these 
phenomena with the known laAVS of electricity. Even in fine 
weather the parts of the wire which are at different heights, 
being in different states, currents will be caused from the higher 
to the lower part of the wire» 

An analogous current will be produced when a precipitation 
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of moisture takes place more at one extremity of the wire than 
at the other, and it will easily he originated by thunder showers 
or snow. 

Induction may be supposed to be a still more frequent and 
usual cause of electric currents, proceeding from a cloud which 
is moving in the air nearly parallel to the line of wire ; it must 
even be admitted that this cause (i. e. induction) produces cur- 
rents along the iron rails of the railroad itself. Mr. Henry, 
indeed, relates that under favourable circumstances he had him- 
self seen electric sparks show themselves in the interstices 
between two contiguous rails. 

When during thunderstorms it may be deemed desirable to 
take precautions against the apparatus for signals being inter- 
fered with by induced currents, or to guard the operators against 
strong sparks proceeding fi*om a thick wire, a very thin wire 
is substituted for the thick one. 

During thunderstorms very small birds have been seen sus* 
pended by their claws to the wires of the electric telegraph on 
wliich tliey had alighted. As to the larger birds which are 
sometimes seen strewed on the ground along the wire, their 
death is not to be attributed to electricity, but rather to their 
having struck against the wire from not having perceived it. 

It may be prudent during thunderstorms to avoid any very 
near proximity to the wire of the electric tclegrapli, as the 
only sure means of escaping the shock of sparks which may 
depend, as we have just said, on phenomena of induction. 


CHAP. XLT. 

ON VARIOUS MKANS WHICH HAVE BEEN FORMERLY ADOPTED AS 
SUPPOSED PRESERVATIVES OF EDIFICES FROM THUNDER. 

§ 1. Ancient supposed means of preservation of buildings from 

thunderbolts. 

Columella relates that Tarchon considered that he had com- 
pletely protected his dwelling from thunderbolts by surrounding 
it with white grape vines. ^ 
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jN’earlj two thousand years of subsequent experience have 
taught us nothing which could justify this supposition.^ 

In the 15th century^ a naked sword was placed at the mast- 
head of ships to turn aside lightning from them. St. Bernar- 
dine of Sienna, who has been the means of transmitting the 
knowledge of this custom, speaks of it as a prejudice. (Labois- 
siere, Academic du Gard, 1822.) 

We shall show presently wliat is necessary to be added to 
the sword in order that it may produce any good effect. 

Other circumstances being equal, lightning strikes the most 
elevated jioints by preference. From this incontestable fact, it 
has been inferred that any object is always protected by a 
higher object in its neighbourhood ; thus, for example, that a 
house near church towers or steeples runs no risk from lightning ; 
but in drawing such an inference, it is forgotten that specific 
circumstances, whether visible or concealed, may compensate, 
and more than compensate, the influence of superior elevation. 
Facts support this objection. 

Onhtlie I5th of March, 1773, lightning fell at Najdcs on the 
house inhabited by Lord Tilney, although the house was looked 
down upon from every direction, at four or five hundred paces 
distance, by the cupolas and towers of numerous churches. It 
should be added, that these cupolas and towers were at the time 
wet from heavy rain. 

Many cases plight be cited of men killed by a thunderbolt 
when standing close to hay-ricks and stacks of wheat-sheaves 
two or three times as tall as themselves, which yet were not 
touched. t 

§ 2. Is it true that trees rising above a house^ at a small distance 
from it, protect it completely from being struck by lightning, as 
many physicists affirm ? 

According to the evidence of those who purchase the growing 

* In the south of Europe, and especially in Italy, when cultivators see a 
vine branch on which the leaves and the fruit are completely withered, 
they do not fail to regard it as the effect of lightning. 

f “ Thunderstones ” were formerly regarded as a preservative from the 
destructive effects of lightning. It was said to be sufficient at the beginning 
of a storm to strike such a stone three limes against each of the walls of a 
house to render it quite secure from injury by lightning. We should not 
have to go very far to find this absurd practice still in credit with some 
persons. Any prejudice which allies itself with fear rarely fails to Lave a 
long term of existence. 

r 
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timber on extensive tracts of forest, in order to fell it and 
employ it in wheelwrights’ and joiners’ work, trees are much 
oftener struck by liglitnlng than is usually imagined. In saw- 
ing and working up the wood, numerous splits and fissures are 
found, which had evidently been caused originally by a stroke 
of lightning. 

This observation falls in with a remark which M. dc Tristan 
deduced from the observation of sixty-four distinct thunder- 
storms accompanied by hail, which in the space of twenty-six 
years (from the 1st of January, 1811, to the 1st of January, 
1827) occasioned great damage in different parts of the de- 
partement du Loirct, adjacent to the Forest of Orleans. M. 
dc Tristan’s remark ^vas to the effect that a thunderstorm has 
its intensity very sensibly diminished in passing over an exten- 
sive forest. 

According to these observations, it would appear certain that 
trees draw from storm-clouds a considerable pai't of the fulmi- 
nating matter with which they are charged. Trees may, there- 
fore, be regarded as being a means of attenuating the severity 
of thunder-strokes, but it is going beyond the limits of obser- 
vation to invest them with an absolute jireserving power. I 
subjoin a few facts to show how well-founded are my doubts on 
this point. 

On the 2nd of September, 1816, lightning fell, at Conway, 
in Massachusetts, on the house of Mr. John Williams, and 
damaged it very greatly. Yet there were in its vicinity Lom- 
bardy poplars, of from sixty to eighty feet in height, the tops 
of which were thirty or forty feet above the roof of the build- 
ing. One of these poplars w^as only six feet from the place 
where the lightning penetrated the masonry. None of these 
trees were struck. 

If another proof of the inefficacy of trees as protectors from 
lightning be desired, I would cite the circumstances attendant 
on the lightning wdilch, on the 17th of August, 1789, struck 
the house of Mr. Thomas Leiper, near Chester, in the United 
States. I take them from a notice published in 1790 by the 
celebrated David Rittenhouse, 

Mr. Leiper’s house is placed at the foot of a rather steep 
rise, so that to the west the ground is higher than the top of the 
house at little more than sixty feet from it. Moreover, there is 
on this rising ground an avenue of fine oak trees. The thun- 
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derstorm was from the west, and must, therefore, before it 
reached the house, have passed over trees much higher than 
any part of the roof or the chimney-tops. Yet the trees were 
untouched, and the house was struck. 


CHAP. XLIL 

ON MEANS BY WHICH IT WAS IMAGINED OR PRETENDED THAT EN- 
TIRE TOWNS, AND EVEN EXTENSIVE ^DISTRICTS, COULD BE PRE- 
SERVED FROM STROKES OF LIGHTNING. 

§ 1. In early Times, 

Ctestas of Cniclos, one of the companions of Xenoplion, re- 
lales, in a passage which has been preserved to us by Photius, 
that he had received two swords, one from the hands of Pari- 
satls, mother of Artaxerxes, the other from those of tlic king 
liimself; lie adds: — ‘‘If these swords arc planted in the ground 
with the point upiiermost, they drive away clouds, hail, and 
thunderstorms. The king,” he goes on to say, “ made the ex- 
periment in my presence, at his risk and peril.” 

This is, no doubt, a very curious passage ; but docs it really 
deserve all the importance which has been attached to it ? It 
is now perfectly established, that, I do not say a short sword 
merely, but even that a long, pointed metallic rod, erected on 
the top of a building, does not drive away clouds. It cannot 
be doubted, therefore, that the opinion expressed by the Per- 
sians on that point was an erroneous one, — at least that it 
must evidently have been destitute of proof; this being once 
admitted, ought we not to suppose that the physician of 
Artaxerxes re-echoed another rash and unfounded conjecture, 
when he attributed to his sword the additional property of 
driving away thunderstorms? At any rate, — and it would 
not be the first time that even a true statement has suffered 
froii]^ a bad neiglibourhood, — need we be surprised that the 

* This apparent anomaly admiis of a satisfactory explanation from 
theory ; for the tree-covered hill ivS an arid rock with very few inches of 
soil, while the house was almost surrounded by water, was armed with two 
lightning conductors and their accessories, and had several metal rain-pipes 
running from the roof to the foundations. 
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supposed experiment of the two sword blades should have been 
long overlooked, when we find in the same chapter in which it 
is recorded, that Ctesias also mentioned, with the same degree 
of positiveness, a fountain sixteen cubits in circumference, and 
of great depth, winch every year became filled with liquid gold ? 
adding, that a hundred pi tellers were every year filled with 
gold from it; efirthen pitchers being used, in order that when 
the gold had become solid, the pitcher might be broken, to take 
it out? 

In the time of Charlemagne, it was usual to put up long 
poles in the fields to driye away hall and thunderstorms ; but 
lest fanatical admirers of old times should sec in this practice 
an anticipation of Franklin’s lightning conductors, I hasten to 
add that the j)oles were not to be efficacious unless they were 
surmounted by pieces of pa 2 )er. Such papers or parchments 
were no doubt covered with magic characters, since Charlemagne 
in proscribing this practice, in a capitulary of 789, dcsci’ibcd it 
as superstitious. 

§ 2. Effect of large fires kindled in the open air. 

Certain physical experiments led to the idea being enter- 
tained that large fires would take away from the clouds the 
greater part of the fulminating matter with which they were 
charged. It was thought (and it was Volta’s opinion) that such 
fires would thus become a means of preventing thunderstorms, 
or of rendering them less formidable. Let us see how far 
observation has supported these conjectures. 

I set aside altogether the* strange idea that the sacrifices in 
the open air made by the ancients, with their flaming altars 
and black columns of smoke rising from the bodies of the 
victims, — in short, all those ceremonies, supposed by the vulgar 
to be designed to propitiate and disarm the thunder-bearing 
Jove, — were simple physical experiments, of which the priests 
alone possessed the secret, and which had for their real object 
the gradual diminution, or even the complete subdual of 
thunderstorms, by purely physical means. I pass to less fabu- 
lous matters. I am indebted to Mr. Mattcucci’s kindness for 
the following account. 

There is near Cesena, in Romagna, a parish, throughout the 
extent of which, for seven miles round, the peasants, by the 
Cure’s advice, place at about every fifty feet heaps of straw 
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and brushwood, which they set on fire when a storm is seen 
approaching. This practice has been in force for three years, 
during which time the parish has not suffered either from 
thunderstorms or from hail, although it formerly suffered much 
every year from hall, and the neighbouring parishes have done 
so during the last three years. 

Three years are not a sufficiently long period of time to 
allow of any definitive conclusion as to the preserving influence 
of large fires. The experiment is being, continued, and the 
public will not fail to be informed of the results. 

AVhen, in iny Eloge on Volta, I recalled the ideas of that 
illustrious physicist on the possible advantage which might be 
found ill large fires during thunderstorms, I imagined that 
some encouraging inferences might be obtained, by comparing 
the meteorological observations in those counties of England 
where so many tall chimneys and furnaces send forth torrents 
of flame day and night, with similar observations in the adjoin- 
ing agricultural counties. 

As I have mentioned in ji.llfl, et seq,^ such a comparison has 
been made between agricultural and mining districts, and the 
latter show a sensibly smaller number of thunderstorms. I do 
not, however, think that this decides the question. Tall chim- 
neys abound in England wherever there are mines; and thus 
tlie greater rarity of storms in such localities may as well be 
attributed to the mineralogical character of the ground, as to the 
presence of the great fires required for the treatment of the 
ores. In 1831, when I drew up the Eloge of Volta, I had 
omitted to consider one of the aspects of the difficulty. 

In the cases of which I have been speaking, the question 
regarded the simultaneous eflcct of a great many fires. As to 
a single fire, however considerable, we are, I think, able to 
show that it docs not deprive the* nearest clouds, those which 
are directly above it, of their fulminating matter. 

I would recall, the 1st of July, 1810, the end of the Rue du 
Mont Wane, the Hotel Montesson, then occupied by the Prince 
of Schwartzenberg, and the fete given by the Austrian Embassy 
to Napoleon and Marie Louise. In the middle of the night 
the vast ball-room became on fire. The immense columns of 
flame, which the firemen could not subdue, did not prevent a 
dreadful thunderstorm taking place at the end of the night. 
The flashes of lightning followed each other with terrible 
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rapidity ; the whole sky appeared on fire ; thunder was iininter- 
mitting ; at last torrents of rain fell and quenched the remains 
of the conflagration. 

§ 3. On the (Uscharyc of cannomas a means of dissipating 
thunderstorms. 

Nautical men seem to entertain rather generally a belief that 
the noise of artillery disperses thunderclouds, and*, indeed, 
clouds of all Tvinds ; T)Ut they cite few authentic facts in support 
of their opinion. The most distinct statement which I have 
been able to find on a subject so ^vell deserving of being studied, 
is contained in the Mcmoircs du Comte de Forhin^ first pub- 
lished in 1729, but the date referred to is 1680. 

This intrcj)Id sailor writes, During the stay which we 
made on these coasts (near Carthagena in South America), 
there formed daily, about four in the afternoon, storms with 
lightning and dreadful thunder, and which always did some 
damage in the toAvn on which they burst. The Comte d’Estrecs, 
to whom these coasts were not unknown, and who, in his 
diftcrent voyages to America liad been more than once exposed 
to these sorts of hurricanes, had discovered the secret of dis- 
persing them by firing guns. lie made use of his ordinary 
remedy against the storms I now speak of; and the Spaniards 
having perceived this, and having remarked that alter the 
second or third discharge the storm was entirely dissipated, 
were struck by the prodigy, and not knowing to what to attri- 
bute it, showed surprise mingled with fear,” &c. &c. 

In the present day agriculturalists in some districts, being 
encouraged by the opinions of military men, have recourse to 
the firing of cannon when they think themselves threatened 
with thunderstorms, and especially hailstorms. At what epoch 
did this practice originate ? I cannot tell exactly, but every- 
thing inclines me to suppose it not very ancient. In the first 
Encyclopedia,” the publication of which goes back to 1760, I 
find in the article Orage^ by M. de Jaucourt, “We have heard 
more than once from our military men that the noise of cannon 
dissipates storms, and that hail is unknown in besieged places. 
This effect does not seem out of all probability, and after all, 
what would be risked by a trial? Only the cost of some 
hundred weight of gunpowder, and of the removal of some 
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pieces of ordnance, which would not have their value diminished 
by having been so employed. Perhaps by means of the kind of 
undulation excited in the atmosphere by the discharge of several 
cannon fired in succession, the clouds beginning to form and 
ferment might be shaken and dissipated.” 

This passage evidently shows that the use of artillery for 
dispersing storms had not then become a practice, and that 
it was recommended as an important subject for experiment; 
but In 1769, a further step in advance had been made. I find 
in vol. vili. of the Histoire de VAir et das Meteores, that in May, 
1769, the county of Chamb, in Bavaria, had suffered from 
violent storms, and that much damage had been done except- 
ing where the inhabitants had introduced the practice of 
making frequent discharges of small cannon on hearing the first 
claps of thunder.” 

It was about the same period (1769), that the Marquis dc 
Chevriers, a retired naval officer, living on his estate of 
Vaurenard, in the Maconnais, thought he would combat the 
scourge of hailstones by the method which he believed he had 
seen successful against storm-clouds at sea, i, e., by firing 
ordnance. He consumed annually in this way two or three 
hundred weight of mining powder. 

The Marquis de Chevriers died at the l)eglnning of the 
Revolution ; but the inhabitants of his Commune were so con- 
vinced of the good effects of his method of proceeding that they 
continued to follow it. I find in a memoir drawn up at the 
different places themselves, by M. Leschevin, Commissaire en 
Chef dcs poudres et salj)etres, that in 1806 mortars or cannons 
were used in the communes of Vaurenard, Igcr, Aze, Ro- 
inaneche, Julnat, Torrins, Pouilly, Fleury, Saint Sorlin, 
Viviers, dcs Bouteaux, &c. The commune of Fleury used a 
mortar which was charged with upwards of a pound weight of 
powder at once; others employed smaller mortars of various 
sizes; the discharges were Uvsually made on heights. The 
consumption of mining powder for this sole purpose amounted 
annually to eight or ten hundred weight. 

Nor was the proceeding confined to the Maconnais. Not 
long since a mayor, not far from Blois, told me that in his 
commune, mortars were fired when storms were seen to be 
approaching, and he wished to know whether science justified 
the practice ; which question, it may be said, by the bye, did 
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not seem to indicate that experience had fully demonstrated its 
efficacy. 

Thus, the only actual observation in favour of this method is 
the one above mentioned on tlie coasts near Carthagcna ; but 
in matters of meteorology the experience of a few days docs 
not apj^ear a sufficient ground for any general conclusions. 
While examining my recollections to discover among them any 
fact which might come in aid of that related by Forbin, I found 
one which has precisely the opposite tendency; it curiously 
happens that it also comes from an admiral of the time of Louis 
Quartorze, and from the eastern coasts of South America. 

Let us revert in imagination to the month of September, 
1711, and the squadron under Duguay-Trouin in sight of Kio- 
Janeiro. This squadron (consisting of the ships of the line 
Ic I^ys, le Alagnanime, le Brillant, I’Achille, le Glorieux, 
and le ]\Iars, the frigates Argonautc, Amazone, Bellonc, 
Aigle, and several vessels of smaller dimensions), employed the 
wliole day of the 12th in forcing the entrance of the harbour, 
defended by the formidable artillery of a great number of forts, 
and by that of four ships of the line and three frigates. From 
the 12th to the 29tli a contiimed combat of musquetry and artil- 
lery was kept up day and night; shells were thrown, several mines 
were exploded by the Portuguese ; they blew up several of 
their own ships ; magazines were set fire to, &c. &c. Lastly, 
on the 20th, the day when the place Avas taken, two of Duguay- 
Trouin’s ships le Brillant,” and le Mars,” the battery of the 
Isle des Chevres, consisting of five mortars and eighteen twenty- 
four pounders, kept up an incessant fire which destroyed part 
of the intrcnchmcnts of the town ; at night the signal given by 
the commander was obeyed by a general fire from the batteries 
and the shij)s ; and yet all this did not prevent the bursting of 
a storm, accompanied by incessant peals of tremendous thunder. 

The above constitutes what may be tenned an experiment 
combining all the conditions desirable for its success, and yet 
these many thousand discharges, far more powerful than all the 
small artillery cmi)loyed in the Maconnais, did not prevent the 
storm from forming, or disperse it after it had formed. 

If, on the one hand, a single fact (that which I borrowed 
from Forbin), seems insufficient to show that discharges of 
artillery may dissipate thunderstorms, so also the single fact 
which I have taken from the memoirs of Duguay-Trouin, may 
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be deemed insufficient to prove the opposite thesis. Any one 
having at hand detailed annals of the last wars, would find in 
them a multitude of dojpuments suited to elucidate the question 
wc are discussing. I will mention two which occur to me, 
hoping they may induce others to make analogous citations. 

The 25th of August, 1806, was the day chosen for the attack 
of the island and fortress of Dannholm, near Stralsund ; General 
Fririon, in order to occupy and fatigue the Swedish garrison, 
had the fortress cannonaded throughout the day. Notwith- 
standing this continued and active discharge of artillery, a 
violent thunderstorm burst about nine in the evening. 

By a singular coincidence, the Duke,” an English ninety 
gun ship, was struck by lightning in 1793, while exchanging 
cannon sliots with a battery on the island of Martinique. 

Fiiuilly, on this subject, L subjoin the result of a little exami- 
nation which I have made, and which in tlie absence of more 
direct experiments may not appear entirely devoid of interest. 

There is in the Bois dc Vincennes, about 3,280 yards from 
tlie Observatory at Paris, a polygon where artillery practice is 
carried on during certain months of the year. It is armed with 
eight siege guns for direct fire, four siege guns for ricochet fire, 
and six mortars ; and lastly, a moveable battery of six guns. 
Practice takes place on certain days in the week, from seven to 
ten ill the morning. The firing each day is about 150 dis- 
charges. As the sound of the firing is still very considerable 
at the Observatory, it seemed to me that if its influence on the 
atmosphere is what so many persons have supposed, the days of 
practice ought to be less clouded than the other days of the 
week. I have submitted this idea to minute examination. 

General Duchan, Commandant of the Scliool of Vincennes, 
kindly furnished me at my request with a return of the days on 
which artillery practice had biken place, from 1816 to 1835. 
Tlie entire number of days amounted to 662. 

The meteorological registers of the Observatory gave me for 
each of these days the state of the sky at nine in the morning. 
Out of the 662 days there ^vcrc 158 on which the sky at nine 
o’clock was completely clouded. If the firing had not taken place 
would this latter number have been more considerable ? 

It seemed to me that the most unexceptionable proceeding 
would be to examine similarly tlie state of the sky on the days 
immediately preceding and succeeding the days of jiractice, and 
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to regard the mean of the two numbers so obtained as the 
normal meteorological state corresponding to tlie days of prac- 
tice. I mean by normal in this case, tJieir state entirely dis- 
engaged from any possible influence of the firing. The results 
I obtained were : — 

Out of 662 days preceding the days of practice, 128 were 
clouded. 

Out of 662 days of practice, 158 days were clouded. 

Out of 662 days following the days of practice, 146 were 
clouded. 

The mean of 128 and 146, or 137, is so much lower than 158, 
that we might be inclined to infer that, instead of dissipating 
and driving away the clouds, the noise of the firing condensed 
and retained them ; but I am well aware that the numbers on 
which I have operated are not sufficiently considerable to 
justify my going so fixr as to dx*aw such an inference, 1 will 
confine myself to saying that the discharge of heavy artillery 
does not ai)pcar toliave any influence in lessening the formation 
of ordinary clouds. 

^\e have here, tlicn, another jxroblem, whicli will require 
further inquiry. I take the* liberty of recommending such 
inquiries to the care of general officers commanding our schools 
of artillery. Observations on the state of the sky made on 
the spot while the firing is going on will be particularly 
valuable ; those made one or two leagues off will not satisfy 
every one, since It may be apprehended that possibly at a little 
distance the sky may have become exceptionally overcast, 
by the driving back of the clouds, which without the firing 
would have remained in the zenith of the place where the guns 
were stationed. It will be always indispensable to add to the 
observations made on the days of practice similar ones on the 
preceding and following days, made very exactly at the same 
hours. By merely noting the variations taking place during 
the time the practice lasts, there would evidently be a risk of 
attributing to the influence of the firing that change in the 
state of the sky which shows itself almost every morning as the 
sun rises higher in the heavens. 

♦ Of the 662 days artillery practice at Vincennes, and the preceding 

and following days, the number of perfectly clear days was ^ 

Days before those of practice - - - 83 

Days of practice - - - - - 84 

Days after those of practice - - - 80 
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CHAR XLIII. 

IS IT USEFUL, OR IS IT DANGEROUS, TO RING CHURCH BELLS DURING 
THUNDERSTORMS ? 

I SHALL examine this important question without allowing 
myself to be swayed by the positive decisions of different scien- 
tific, administrative, or judicial bodies*; but also without any 
disposition to think that opinions generally entertained may not 
be well founded. 

It is but a step from the opinion we have just been discussing, 
according to which the noise of artillery should break up and 
dispel clouds, rapidly transforming the most clouded sky into 
one of clear azure, — to the supposition that similar effects may 
result from the prolonged resonance of large bells. But lias 
this been, in fact, the succession of ideas which has led to bells 
being tolled with the hope of dispersing thunderstorms ? I would 
the less venture to affirm this, because some learned person may 
perhaps discover that the practice of bell-ringing during thunder 
was anterior to the invention of gunpowder. 1 believe it will 
be more consistent with truth to look for the origin of the 
practice in a different connection. 

Church bells are blessed with great pomp before being sus- 
pended in their places ; I subjoin some extracts from the 
prayers with which, according to the Paris ritual, our churches 
resound during those ceremonies: — 

“ Bless and whenever it rings may it drive far 

off the malign influences of e\i\ spirits, wdiirlwinds, thunder- 
bolts, and the devastations which they cause, the calamities of 
hui'ricanes and tempests.” ‘‘May there thus be driven afar the 
snares of the enemy, the violence of hail, tempests, whirlwinds, 

* In 1747 the Academy of Sciences itself considered it dangerous ‘‘to 
ring large bells, or to excite any other violent agitation in the atmosphere 
when a thunderstorm is overhead .” — Uistoire de V Acadcniie^ 1747, p. 52. 

A legislative decree, dated 21st of May, 1784, sanctioned an “ordon- 
nance,” made in the bailliage of Langres, which expressly forbade the 
ringing of church bells during thunder. Two years before, the same had 
been forbidden in the Palatinate by the Elector Charles Theodore. I 
might also cite several orders forbidding the practice throughout the extent 
of several dioceses*. 
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and hurricanes ; may disastrous thunderstorms lose their fury.” 

May the sound of this bell put to flight the fiery darts of the 
enemy of man ; the ravages of thunder and lightning, the rapid 
fall of stones, the disasters of tempests,” &c. 

But, besides this, may there not be a second cause, scarcely 
less powerful, in the desire which men feel when frightened to 
divert their fears by noise ? Look at a poltroon in the dark, he 
sings. Look at a town a pi*ey to the horrors of civil war, the 
tocsin is rung much longer than would have been necessary as 
a signal or alarm. Savage nations in all parts of the earth 
send forth deafening clamours to terminate the cclii)se of the 
sun, or moon, which terrifies them. * 

111 regard to the disadvantages of bell-ringing, the strongest 
apparent case derived from fact is probably the following, which 
1 take from an old volume of the Memoircs de T Academic des 
Sciences, During the night from the 14th to tlic 15th of 
April, 1718, in the space comprised between Landerneau and 
St. Pol de Leon, in Brittany, twenty-four clnirches were struck 
by lightning, and, said Fontenclle, precisely those, churclies in 
which the bells were rung to drive away the thunder and 
lightning. M. Deslandes, who transmitted the details to tlie 
Academy, added, Neighbouring churclies in which the bells 
were not rung were spared.” 

This observation, however, is too laconically given. Thunder- 
storms sometimes ravage long and very narrow strips of 

* In thus treating noise as a sort of general panacea, a singular discovery 
has been arrived at, whicli, notwithstanding its little connection with iny 
subject, 1 permit myself to mention here without scrujile, regarding the 
possible utility of the notice as a sufficient apology for its introduction. 

4'hoinas Gage relates, in his Travels, that in some parts of America loud 
noises were had recourse to as a means of driving away a scourge, less 
formidable in appearance than thunder and lightning, but in reality much 
more destructive. 

Towards the middle of the last century Gage was at Mexico, in the district 
of GuatiniaLa, when a thick cloud of locusts descended on the country, 
threatening it with complete devastation. Instead of employing against 
these insects the complicated and not very efficient means sometimes re- 
sorted to in the south of France, the magistrates desired all the inhabitants 
to take up drums, horns, Irurnpets, &c. : they did so, and ailvanced towards 
the invaders, making the loudest possible noise with all their various instru- 
ments, with such success, that the locusts took flight, and were driven into 
the Pacific, where they perished ! 

This method is also employed in Wallachia, Moldavia, and Transylv.ania. 
(Phil. Trans. 1749.) I have an account of a comparatively recent instance 
of the practice in Bessarabia. 
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counjry ; may not this have been the case in Brittany? Were 
not the churches which were spared out of the line of direction 
followed by the storm-clouds? Moreover, in those churches 
where the bells were rung, the death or serious injuries suffered 
by the ringers attested in the most unequivocal manner the 
fact of the fall of lightning. Elsewhere, might not slight 
injuries to walls, or falls of plaster, very naturally not have 
been remarked ? Further, what were the comparative heights 
of the steeples which were struck and those which escaped? 
&c. &c. • . 

Where all these uncertainties exist it must be admitted that 
M. Deslandes’ observation is wanting in the characters requi- 
site for a real demonstration, and the inference drawn from it 
can onlj' be accepted and registered by science simply as a pro- 
bability. * 

In August, 1769, the custom of beginning to ring the bells 
when thunder is heard was strongly argued against from the 
fact of the steeple of Passy, where ringing had been continued 
incessantly, Jiaving been struck by lightning ; but on more 
complete inquiry it appeared, that diu’ing the long time for 
which the storm lasted, tlie bells liad been rung equally persc- 
veringly at Auteuil and Chaillot, and yet that these two 
steeples, which arc on either side of that of Passy, sustained no 
damage, f 

* The numerous and serious disasters on the occasion of the 15th of 
April, 1718, by no means injured the reputation of bell-ringing in the minds 
of the people of Lower Erittany; the 15th of April that year was Good 
Friday, and as those who rung the bells on that day infringed by so doing 
one of the precepts of the Church, it was not thought surprising that mis- 
fortunes followed. 

f In 1781, the Abbe Needham, of Brussels, considered that he had 
proved, by cabinet experiments, that bell-ringing has absolutely no effect, 
good or bad. 

lie had a wooden model of a steeple made 1 metre high ; he placed in It 
a bell of 15 centimetres diameter, with an arrangement for putting it in 
motion when desired. At the top' of the steeple there was a metallic ball 
having a properly established communication with the ground. This ball 
was placed opposite to the perfectly similar ball of the conductor of an 
electric battery charged to saturation. When the bell did not ring, the 
striking distance, or distance at which the spark darted from the ball of the 
conductor to the ball of the steeple, was 7 millimetres, or 0*2756 of an 
English inch. The balls were then placed at double the distance apart, 
and, although the bell was then made to ring strongly and quickly, no 
spark or escape of electric matter was perceptible between the two balls. 

Mr. Needham’s remark in conclusion is, that he “ regards this experiment 
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To sum up tlie results of what has been said. 

In the present state of our knowledge, it is not proved that 
the sound of bells tends to call down thunderbolts, L e, that it 
has ever caused lightning to strike buildings which would other- 
wise have escaped. 

But it is, nevertheless, earnestly to be recommended, for the 
sake of the ringers, not to ring the bells. They incur danger 
proportionate to that of those who imprudently take shelter 
under tall trees during thunderstonns. Lightning strikes ele- 
vated objects, and, in particular, the summits of spires and 
steeples ; the hempen cord attached to the bell, and ordinarily 
saturated with moisture, conducts the discharge down to the 
hand of the ringer, and hence so many dei)lorable accidents 
liave arisen.* Let us remark, that if the cord, whether wet or 
dry, does not go down the whole way to the ground, as is 
ordinarily the case, it might very well happen, that if no one 
were near, the fulminating matter, after reaching the ring at its 
lower extremity, might return back on its path, remount to the 
summit of the steeple, and be dissipated in space. According 
to this view, the absence of damage in the interior of a tower or 
belfry would not authorise the conclusion, that if ringers had 
been present they would not have suffered. 


as decisive.” Let us see, however, whether it does not still leave room for 
some doubts. . 

Having operated successively with the two balls at 7 and 14 milli- 
metres apart, Mr. Needham had a perfect right to infer from his results, 
that the sound of the bell did not augment to any considerable degree the 
facility of electric discharges ; that it did hot double the “striking distance 
but I think, that to have entitled him to affirm that the noise hud absolutely 
no effiect, it would have been needful that he should have increased the 
distance from 7 to 1 4 millimetres, not, as" he did, at once, but gradually. 

The small electrified masses which Mr. Needham placed in presence of 
each other were both solid bodies. In the atmosphere we see, on the con- 
trary, floating clouds which might have their forms so modilied by vibra- 
tions of the atmosphere, as to cause a sensible change in the electric tension 
of the face looking towards the earth. Mr. Needham’s experiment, in its 
possible application to the effects of bell-ringing during thunderstorms, 
would have been very valuable if it had .given a positive result. The 
negative reply afforded by it has, I think, little or no meteorological value. 

* In the view of adding to the warnings against the dangers with which 
this unwise practice is fraught, I subjoin the notice of another accident 
similar to those cited in Chap, xxxviii. 

On the 3l8t of March, 1768, lightning having struck the steeple of 
Chabeuil, near Valence, in Dauphine, killed two of the young men who had 
assembled there to ring the bells, and severely wounded nine others. 
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My readers will have remarked the reserve, as regards the 
general effects, with which I have treated the question of the 
real or imaginary utility of the practice of ringing the bells 
during thunderstorms ; and they may be surprised at the 
assurance with which some of the administrative authorities 
venture to express themselves on the subject. In an order, 
given by the Prefet de la Dordogne, 1st of July, 1844, I read: 

that the opinion, according to which the sound of large bells 
would have the property of averting strokes of lightning, or of 
paralysing their effects, is founded solely on superstition, and 
that such a practice must, instead, infallibly occasion strokes of 
liylitniny^ . . We sec by this passage that false science is as 
dangerous as entire ignorance, and that it infallibly conducts to 
inferences Avhich have nothing to justify them. 


CHAR XLIV. 

ON MODERN LIGIITNINO CONDUCTORS. 

Having passed in review a long list of means by which men 
have successively hoped to protect themselves from the danger 
of lightning, we will now turn our attention to the lightning 
conductors of our own time, those paratonnerres ” of which 
Franklin conceived the idea, and of the efficiency of which, 
whatever may have been said, there appears no reason to doubt. 
Wc propose to show this efficiency, both by reasoning and by 
tlie evidence of facts, without, for the present at least, borrow- 
ing anything from modern theories of electricity. 

All other circumstances being equal, lightning directs itself, 
generally speaking, by preference to the most elevated portions 
of edifices. It is there, consequently, that the preservative 
means, whatever they may be, should be applied. 

All other circumstances being equal, lightning directs itself 
by preference to metals; Wlien, therefore, a metallic mass 
occupies the most elevated point of a house, wc may feel pretty 
nearly certain that lightning, if it falls, will strike that point. 

Lightning which has entered a metallic mass only docs mis- 
chief to surrounding masses at the moment when it quits the 
metal, and in the vicinity of the point or points at which it 
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issues from it. A house may, therefore, be reudered safe, from 
its highest point to its foundations, if the metallic parts of the 
roof are prolonged without interruption to the ground. 

Damp earth offers to the fulminating matter which is passing 
along a metallic bar a channel by which it escapes easily and 
without effort, without detonation, and without producing any 
kind of damage, providing the bar plunges a little deeply into 
the earth. By carrying the continuous bar which has already 
preserved from injury the. exterior of a building, down some 
way into ground which is always damp, the foundation, and, 
speaking generally., the whole subterranean portion of the 
building, will be similarly preserved.* 

When there are upon the roof or summit of an edifice, 
several distinct metallic ihasses completely separated from each 
'Other, it is difficult, and even impossible, to say which of them 
wdll be struck by preference, for the point from which the 
storm-clouds come, the direction and rapidity of their advance, 
are probably far from being without influence. The only safe 
practice is to unite all these various metallic masses by rods of 
iron or copper, or bands of lead, zinc, &c., so that there may 
not be any one of them whicli shall not be, if I may use the 
expression, in metallic communication with the bar which is 
destined to transmit the fulminjiting matter or lightning to the 
damp earth, and which runs down one of the upright walls of 
the building. 

Thus we arrive by observation alone, without borrowing 
anything from theory, at a simple, uniform, and rational means 
of protecting buildings, great or small, from the effects of light- 
ning. Every one must now comprehend the mode of action in 
this arrangement, or the- office filled by the bar which goes 
down to the ground, and sinks, more or less, deeply into it; 
every one will understand why this bar has received the name 
of conductor* 

Without quitting this subject, we will go back a little; but 
only to examine questions of quantity and of sliape. 

At what distance apart, or rather how near to each other, 
ought the metal plates distributed over the roof df a building to 
be, in order to make it certain that no intermediate point shall 
be struck by lightning ? The question cannot be solved in an 
absolute manner. It is evident that the more extensive and 
massive the metal, the more extensive and intense will be its 
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action. Only it may be aflSrmed, that if the desired connections 
are established between the sheets of lead, zinc, &c., which in 
carefully constructed buildings are almost always laid over the 
main beams, between the cramps and other metallic fastenings 
prepared for the slates or tiles, and between the gutters and 
rain-pipes, so that the whole of these pieces are duly connected 
Avith each other and with a proper conductor, all will have been 
done for protection against lightning which the most timid 
prudence could require. 

By a jiroper conductor,” I mean, on the one hand, that it 
should go down into the ground until it reaches earth which is 
always damp ; and, on the other, that it should be suflScicntly 
massive to transmit the strongest lightning without being fused 
by it. ' 

The opponents of lightning conductors have argued against 
them from our present ignorance (an ignorance which we 
must expect will long continue) as to the miiximum elFect 
which lightning may produce ; and, therefore, as to the maxi- 
mum of dimension which may be required for conductors. The 
difficulty, although founded on truth, really has in it nothing 
which need stop our proceedings. Jf we take the dimension to 
be given to conductors from experience, and if that which wo 
adopt has been found to resist the strongest lightning recorded 
during three or four centuries, wliat can reasonably be asked 
more? When the engineer decides on the height and width of 
the arches of a bridge, the vault of an aqueduct, the section of 
a drain, &c., what does he concern himself With? lie exa- 
mines records as extensively as he Can, and he keeps somewhat 
beyond the dimensions dictated by the greatest floods and 
heaviest rains which have ever been observed ; he thus goes 
back as far as evidence will enable him to do, but without 
troubling himself with physical revolutions or Cataclysms an- 
terior to history, and of which geologists only have been able 
to find the traces and estimate the magnitude. Greater pre- 
caution or foresight than this is not demanded from the con- 
structor of lightning conductors. 

But the apparatus which we actually employ does not consist 
merely of conductors placed in immediate communication with 
metallic masses, which would at any rate have formed integral 
portions of the buildings as being required in their construction ; 
the preserving metallic masses in which the conductor termi'^ 

Q 
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nates are slender rods placed for this express purpose on the 
summits of buildings; and, moreover, usually terminating in 
very sharp points incapable of oxydation. Great advantages, 
which we will now proceed to render evident, result from these 
arrangements and particular forms. 

Let us suppose one of the long, slender, pointed rods of 
which we have been speaking to be broken across, and that we 
are able to increase or contract at pleasure the interval between 
the two broken ends of the metal. During a thunderstorm this 
gap, or interruption of metallic continuity, becomes the seat of 
very curious phenomena. 

Let the interval be only a few hundredths (less than a tenth) 
of an inch, and during the whole time that the thunder is 
rolling over head you will see the interval occupied by a 
slightly hissing flame. When the interval is increased to some 
tenths of an inch, or to upwards of an inch, the light will only 
pass from the upper to the lower end intermittingly ; the con- 
tinuous flame will be replaced by momentary jets ; and instead 
of the slight hissing sound there 'will be heard discharges as 
loud as a pistol-shot. 

Of what does the matter which thus darts from the upper 
extremity of the gap in the conductor to its lower extremity 
consist ? 

Fulminating matter, or the matter of lightning, sometimes 
streams off* without detonation, but producing continuous light 
(Castor and Pollux), whose apparition is only accompanied by 
a slight hissing sound ; exactly the same thing takes place with 
the matter which streams across* the gap, or hiatus, in the con- 
ductor. 

Suppose a sudden emission of light, and there will be in the 
break of the conductor a detonation, just as when a thunderbolt 
bursts in the midst of clouds. 

* If experiments purposely made had not long since attested the reality 
of these phenomena, they would have been discovered accidentally. Captain 
'VVinn, commanding an English frigate,' remarked at the beginning of a 
thunderstorm, that the continuity of his lightning conductor was accidentally 
interrupted by a gap or interval of about one inch ; as long as the storm 
lasted, or for about two hours and a half, this interval was marked with 
vivid and almost continual sparks." 

Former meteorological treatises have mentioned the case of an English 
ship, in which the conductor being also interrupted, the crew saw with 
affright, for three consecutive^hours, the space in which the metal was defi- 
cient occupied by a jet of flame. 
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Lightning fuses metals ; the matter which passes along the 
conductor liquifies in the same manner the tliin wires which it 
meets with on its i^assage. "" 

The spark which emanates from the conductor transforms a 
mixture of oxygen and nitrogen into nitric acid ; we have seen 
that lightning also in darting across the atmosphere produces 
this acid. 

A stroke of lightning Imparts magnetic poles to bars of 
steel, and strengthens, or destroys, or often inverts, the poles 
with which such bars had previously been endowed by being 
magnetised by some of the ordinary modes of proceeding ; all 
this can be executed at pleasure by the use of tlicr Intermitting 
sparks of the conductor; the difference in the effects (aug- 
menting the force of the poles, or reversing them) depending 
exclusively on the situation of the needle in reference to the 
spark. 

Strokes of lightning kill men and animals ; when the two 
ends of an Interrupted conductor are far apart, when the spark 
has to be very long, and when it deviates in its course, then 
the danger is great to whoever is exposed to being struck by it ; 
and when the lower part of the conductor is suppressed, it is 
especially great to whoever may be so placed as to run the risk, 
from his position, of becoming a substitute for the missing por- 
tion of the conductor. 

* It will not be inappropriate to give in tbis place a succinct description 
of tlie interrupted conductor by the side of which the celebrated pliysicist, 
llickmann, was killed at 8t. Petersburgh on the 6th of August, 1753. 

Imngine an ordinary glass bottle having the bottom perforated, with an 
iron rod passing through the aperture, and kept in its place by pieces of 
cork. 

Insert the bottle upright in a Iigle made yi the roof of a house, so 
arranged that the upper end of the rod may rise five feet above the surface 
of tlie roof, and that its opposite or lower extremity may be, as it were, 
suspended in the middle of the apartment directly under the roof. 

To this lower extremity a metallic chain is attached. 

Ihis chain is prolonge<l down to the story in which the physicist’s 
cabinet is situated ; it is not carried down in a straight line, but is several 
times inflected as required by the conditions of the locality ; without, 
however, being allowed -to touch any part of the building, being, where 
necessary, kept from touching the walls by the interposition of plates of 
glass or thick layers of sealing wax. 

Inside the cabinet the chain hangs vertically from the middle of the 
ceiling through an opening with glass sides. 

All these arrangements, and particularly the use of insulating substances, 
are intended to produce, and did produce, the result of concentrating the 
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So many points of resemblance scarcely permit us to doubt 
that the luminous^ hissing, detonating matter perceived in the 
interval between the two j)arts of the interrupted conductor, — 
that matter, I say, which is found capable of eflPecting fusions, pro- 
ducing chemical combinations, magnetising and unmagnetising 
steel needles, and killing men and animals, — is in reality no other 
than, or in no way ditferent from, fulminating matter taken 
from storm-clouds by the intervention of the apparatus. Thus 
the lightning conductors which we now i)lacc on buildings as 
protections to those buildings against damage by lightning, have, 
in addition to their value in this respect, the property^of gra- 
dually depriving the storm-clouds of the fulminating matter 
Avith which they are charged, and whicli the conductors carry 
off and convey silently and harmlessly into the ground. 

If we suppose the fulminating matter accumulated in the 
clouds not to be susceptible of sudden reproduction, it will 
follow tliat lightning conductors must have an effect in dimi- 
nishing the intensity of thunderstorms, and the number, violence, 
and severity of strokes of lightning. 

I anticipate a difficulty which may possibly present itself to 
the minds of some persons who have not adequate notions on 
modern physics. They may remark that we have been speaking 
latterly of conductors in which the continuity was interrupted 
by gaps at certain points, and they may ask whether it is demon- 
strated that continuous conductors have also the privilege of 
charging themselves with the fulminating matter and trans- 
mitting it to the ground. 

That such a question should be answered affirmatively there 
can be no doubt, but we cannot offer the same audible and 
visible proofs, because here all takes place silently, and without 
dcvelojmient of light. If, however, the supposed inquirer asks 
to be shown that during thunderstorms something of some kind 
really is passing along the continuous conductor, let him bring 

fulminating matter in the apparatus, and of preventing it from escaping in 
any other way than by tlie conductor wliich lliclimann employed, and 
which he brought from time to time near the extremity of the pendant 
chain from which he thus drew sparks. 

On the 6th of August, 1753, while he was arranging his apparatus, a 
tongue of blue flame detached itself from the end of the chain, produced a 
discharge similar to the report of a j)istol-shot, and darted straight to the 
face of the Professor at a distance which could not at the utmost exceed a 
foot, lliclimann fell dead on the spot. The engraver, Sokolow, who was 
by his si<le, also fell to the ground, but, after a few moments of insensi- 
bility, revived. 
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hear to it a small steel bar, or needle, held transversely, and 
he will find that it becomes magnetised, just as it would have 
done under the action of the sparks which occupy the gap in an 
interrupted conductor. Or if wc diminish sufficiently the mass, 
or thickness, of the uninterrupted or continuous conductor, 
without, however, breaking it at any point, it will sometimes 
be surrounded throughout its entire length by hissing light. If 
the tliundcrstorm is very violent, this light may appear even 
without the ordinary thickness of the conductor having been 
diminished. 

The English frigate the Dryad” — being fitted with the 
new apparatus of Mr. Snow Harris, in which there is substi- 
tuted for the ordinary conductor employed in ships an equal 
weight of thin copper cylinders, fitted to tlie the masts so as 
to become one piece with them, — was several times exposed 
on the African coast to those violent storms which navigators 
term tornadoes. The fulminating matter descended along these 
continuous copper tubes in such quantities as to produce a kind 
of luminous atmosphere, and a noise like that of water boiling 
very hard. 

W c have now arrived at a point at which wc may study the 
influence of the height, sliape, and jiosition relatively to sur- 
rounding objc(jts, of the Iron rod forming the upper jiart of the 
lightning conductor. The measure of this influence will be 
found in the number of sparks traversing a given gaj) in the 
conductor, in given atmospheric circumstances, and in a given 
time. . 

The number of these sparks increases rapidly with the in- 
crease of the height of the rod ; and, on the other hand, dimi- 
nishes very rapidly if, while the height of tlie rod itself remains 
the same, it is equalled, or still more if it is exceeded, by that 
of any of the near surrounding objects ; there cannot, therefore, 
be the least doubt as to the propriety of using very tall rods, 
and of placing them on culminating points of edifices, by which 
means their faculty of attenuating the Intensity of thunder- 
storms will be most developed. 

The influence of form appeared to be more difficult to deter- 
mine. Some wished the rod to terminate in a ball, while others 
followed Franklin in extolling very acute points. The question 
will be elucidated by an cxj)eriment, which, by the by, I have 
never seen quoted. 
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In 1753 , Beccaria erected, on the roof of San Giovanni di 
Dio, at Turin, an iron rod supported near its base by flying 
buttresses formed of substances which do not readily transmit 
lightning. At a small distance from the lower extremity of the 
iron rod, the part of the apparatus more especially called con- 
ductor commenced. The upper part of the rod carried a move- 
able metallic i3aint, Avhich was suceptiblc, by merely pulling a 
silken string, of being directed cither towards the sky or towards 
the earth. With the j)oint turned downwards, the apparatus 
did not give sparks: the point Avas then suddenly directed 
upAvards to the sky, and in a few moments sparks appeared. 
The point AA"as then again turned toAvards the earth, and no 
more sparks Avere scon. 

Under some atmospheric circumstances there Averc sparks, 
Avhatevcr might be the position of the point; but even then it 
Avas easy to see that the sparks Avere stronger and more frequent 
when the point AA^as turned upwards than Avhen it was turned 
doAvn wards. 

This experiment, Avhich it Avould be very useful to repeat, 
shoAvs unequivocally that a pointed rod is much more effective 
than a blunt one in gradually draAving away from thunder- 
clouds' the fulminating matter Avith Avhich they are charged. It 
would seem that it ought to tenninate decisively in favour of 
pointed conductors the debate which made so much noise 
about the middle of the last century, and in Avhich the king of 
England took an active part, from aversion to Franklin. 

There is here, also, a question as to quantity. Is the quantity 
of fulminating matter draAvn from the clouds by pointed con- 
ductors considerable? May there result from this action a 
sensible mitigation of thunder-storms ? Where there arc many 
conductors, arc strokes of lightning less formidable ? I think 
that Beccaria’s experiments have furnished me with the ele- 
ments required for the elucidation of these doubts. 

This skilf nl physicist had erected at Turin, on two points of 
the Valentino Palace very distant from each other, two thick and 
rigid metallic Avires, Avhich were kept in their place by the help of 
bodies of £he class called by physicists insulating bodies. Each 
of these wires Avas at a very small distance from another metallic 
wire, which, instead of being insulated, Avas carried down the 
wall of the building to the ground, into which it sunk deeply. 
The first-named wires, therefore, formed the upper portions of 
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lightning conductors ; ” u e, the portions which attracted the 
lightning from the cloude, and the wires which descended along 
the wall were the lower portions, or those destined to transmit 
it innocuously to the ground. These being the circumstances, 
during thunderstorms, vivid sparks — I might say lightnings 
of the first class — were darting incessantly between the upper 
insulated and the lower non-insulated wires. The eye and 
the ear were hardly able to perceivb the intermittence : the 
eye did not detect any interruption in the light, and the ear 
heard a sound which was almost unbroken. 

No physicist will contradict me when I say, that each spark, 
taken singly, would have given a shock attended with pain ; 
that ten sparks united would have numbed a man’s arm ; and 
that a liundrcd would perhaps have given a fatal stroke. A 
hundred sparks passed in less than ten seconds: thus, every 
ten seconds there passed from the one wire to the other a 
quantity of fulminating matter sufficient to kill a man ; in one 
minute, six times as much; and in an hour, therefore, 360 
times as much. We arc therefore entitled to say, that each of 
the lightning conductors on the Valentino Palace took from the 
clouds each hour a quantity of fulminating matter capable of 
killing 360 men. We said there were two such conductors: 
the above number should therefore be doubled ; and we have 
thus sufficient lightning to kill 720 persons. But the palace 
was made up of seven pyramidal roofs, covered with sheets of 
metal communicating witli metallic pipes which went down into 
the ground. The summits of these pyramids were pointed, 
and rose liigher into the air than the extremittes of the two 
wires with which Beccaria operated. We have every right to 
suppose that each pyramid drew from the clouds as much 
matter, at the very least, as the wires ; and multiplying seven 
by 360, we have 2520, to which we must add the previous 
720 ; giving a total of 3240. Taking, therefore, everything at 
the lowest ; supposing the palace to act only by its points, and 
the whole rest of the building to remain absolutely inoperative, 
we still find that this one edifice takes from the clouds, in the 
short space of an hour, as much lightning matter as would have 
been sufficient to kill upwards of 3000 persons. 

Some physicists, while they admit that lightning conductors 
are useful, and that they receive and transmit innocuously to 
the ground the strokes wjjiich must otherwise have done so 
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much damage to the buildings, still deny any great benefit 
from their gradual and silent action, i think the figures which 
I have found ought to undeceive then\. The point is, how- 
ever, too important for us not to consider it under other 
points of view. 

I have related the manner in wliich RIchmann was killed. 
If, at the moment of tlic disaster, a stroke of lightning had 
darted from the storm cToiids to the metallic rod on the roof, 
the event, as to the physical inferences to be derived from it, 
would belong to the very numerous class of cases in which 
men have been killed by lightning when placed near interrupted 
metallic bars, — z. bars which were not in direct communi- 
cation with the earth : but, in the case before us, everything 
shows that there was no external thunderbolt.* What took 
place was, that the bar, whicli rose only to a height of six feet 
above the roof of the house, the chain, and the lower rod, had 
silently become charged with fulminating matter, which they 
had drawn from the clouds, not suddenly, but by little and 
little ; and the quantity thus drawn was sufficient to kill one 
man and cause another to fall senseless to the ground ; to fuse 
some length of an iron rod, and to do notable damage’ in several 
rooms of the celebrated 2 )hysicist’s aj)artments. 

I own that, in j^rcscncc of these facts, I attach little value to 
the theoretical considerations, according to which some i)erson8 
have treated as mere insignificant atoms the quantities of ful- 
minating matter which our lightning-conductors are able to 
draw from the clouds, Tliese atoms, if that name is to be 
given to thenif^ would, at all events, be strong enough to force 
open doors, break or dlsidacc furniture, cause considerable 
damage to walls, and kill men. 

If, say the dissentients, lightning conductors have the faculty 
of taking away from the clouds the fulminating matter with 
which thej^arc charged, how is it that thunderstorms still burst 
over towns where these apparatuses abound ? 

The answer is easy : Lightning conductors do indeed draw 
to themselves part of the fulminating matter of the clouds, but 

* In an account published by M. Lomonosow, some time after Rick- 
manrfs death, mention is made of several of the neighbours having seen fiery 
darts proceeding from the clouds to the roof at the moment of the catastrophe. 
The reality of these observations might be contested ; at all events, no one 
pretends to have seen and heard a true stroke of lightning with thunder. 
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no one pretends that they deprive the clouds of the whole. 
Such a belief would be the less justifiable, because storm-clouds 
appear to have a sort of intercommunity ; so that usually the 
fulminating state of one of them (if I may be allowed to use 
the expression) cannot be changed without other clouds, even 
to great distances, being also affected. This important fact is 
shown in the following manner : — 

Let us return to the lightning apparatus before described, 
with an interrupted conductor, and let us consider it attentively 
during a thunderstorm. Sparks of a certain degree of vividness 
are seen frc)jj|L time to time in the interrupted space or interval. 
Well, then, almost c\t?ry occurrence of thunder and lightning, 
considerable or inconsiderable, near or distant, occasions a 
sudden alteration* in the number and vividness of the sparks. 
The moment of this alteration coincides almost exactly- with 
the apparition of the flash of lightning ; thus, if the thunder- 
cloud from which the lightning proceeded is very distant, the 
abatement of the sparks may precede by half, three quarters, or 
even a whole minute, or more, the moment when the sound of 
the thunder reaches the ear of the observer. 

Toaldo speaks of a thunderstonn of the 28th of September, 
1773, which extended simultaneously over the entire space 
comprised between Padua, Trevisp, and Venice, and much 
beyond, which lasted more than six hours, and with such vio- 
lence, that during the whole time the heavens, wherever it 
prevailed, appeared on fire. Let us suppose the different regions 
of this immense sheet of clouds to have been in a certain degree 
of mutual interdependence, — that is to say, that the fulminating 
state of each part was connected with the mean fulminating 
state of the whole ; and this being the case, no one will be able 
to suppose, that a few lightning conductors erected in the town 
of Padua, for example, could have exercised a sufficiently 
powerful action to preclude everywhere the possibility of thun- 
derbolts.. When, on the contrary, the storm-clouds only ex- 
tend over a much more limited space, and also under certain 
special cases of the distribution of the fulminating matter over 
their surface, the tranquillising influence of even a very small 
number of lightning conductors ntiay be prompt and -efficacious. 

* When this alteration is studied with the help of an electrometer, ^hc 
changes are indicated with remarkable instantaneity, and they can, more- 
over, be measured. 
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Several physicists, Toaldo being one of the number, have stated 
that they twice saw at Nymphenburg, in Germany, storm-clouds, 
from which flashes of very vivid lightning were incessantly 
darting, advance towards the dastle, and after passing over the 
lightning conductors erected upon it, become merely dark clouds, 
not showing any flashes of light — mere dead coals or extin- 
guished embers, to use Toaldo’s expression. 

In 1785, M. Cosson, the cure of Rochefort, wrote to the 
Abbe Bertholon, that on the 4th of December a cloud, which 
sent out many flashes of lightning, and in which the thunder 
growled, directly after it had been carried by tli%west wind 
over the lightning conductor on the cluifch, became quiet, and 
only showed occasionally some very faint apparitions of liglit.” 
Bright plumes of light, or little flames, seen shining on the 
point - of the rod of the lightning conductor on the church, 
showed evidently that it was exerting a powerful action ; but 
yet if we had not had the curb’s statement we could not have 
ventured to affirm tliat a single conductor could have been 
sufficient to almost completely dejirive the storm-cloud of its 
thunder and lightning. 

The property, to the consideration of which we have devoted 
so many pages^ is developed more largely in proportion as the 
rods of tlic lightning conductors are more elevated. Nothing 
can better prove this than the numerous experiments made with 
kites ; and in these, none have given nearly such striking results 
as those made by our countryman M. de Romas, at Nerac. 

This intrepid physicist . sent up into the air, to heights of 
four and five hundred feet, a kite of which the string had wound 
round it a metallic thread or wire, like the thick base strings of 
a violin. During a very moderate storm, accompanied by only 
a few instances of very slight thunder, Romas drew from the 
lower extremity of his string, not mere sparks, but flames nine 
or ten feet long and an inch broad. They were accompanied 
by reports as loud as those of a pistol-shot. In less than an 
hour, Romas drew thirty such, without counting a thousand 
more of seven feet and under. 

The Nerac physicist remarked several times that thunder and 
lightning totally ceased while his experiments were going on. 
Dr. Lining of Charleston, and Mr. Charles, though their opera- 
tions were on a smaller scale, also transformed thunder-clouds 
into ordinary clouds without thunder and lightning. 
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CHAP. XLV. 

PARA.GRi:LES,” OR APPARATUS WniClI MAY SERVE TO AVERT 
DAMAGE BY HAIL ; AS ‘‘ PARATONNERRES,” OR OUR ORDINARY 
LIGHTNING CONDUCTORS, ARE CONSIDERED TO AVeKT DAMAGE BY 
LIGHTNING. 

The observations and experiments spoken of in the preceding 
Chapter opened a wide and brilliant field of inquiry, into which 
it is much to be regretted that other observers have not entered. 
The formation of hail appears to be indisputably connected with 
the presence of an abundant quantity of fulminating matter in 
the clouds. Withdraw that matter, and the hail will cither not 
be formed, or will remain in its rudimentary state, so that all 
that falls will be a harmless, extremely minute hail or sleet. 
Does any one doubt the great benefit wliich, in some countries, 
agriculture Avould receive from tlie disappearance of hailstorms ? 
I reply, that in 1764 an enlightened inhabitant of the south of 
France wrote in the Encyclopedia,” There is hardly ever a 
year in which hail does not ravage the half, and sometimes 
three-quarters, of the dioceses of Rieux, Comminges, Conserans, 
Auch, and Lombez.” The single storm of the 13th of July, 
1788, smote in France one thousand and thirty-nine communes. 
An official inquiry made the damage amount to twenty-five 
millions of franks (one million sterling). 

I know very well that the employment of kites is not exempt 
from danger ; that a thunderstdtm forms, develops itself, and 
strengthens, while the air is generally calm ; that the wind, by 
the help of which the ajiparatus must be sent up, does not begin 
to blow until the rain and hail are already falling, &c. Accord- 
ingly, kites are not. what I think ought to be employed. 
What I would wish is, that captive balloons should be resorted 
to for this great and important experiment. I should wish them 
to be sent up to a much greater height than that attained by 
Romas’s kites. If by rising three or four hundred feet above 
the elevations ordinarily reached by the upper extremities of the 
rods of lightning conductors, there were obtained, instead of little 
plumes or tips of fiame, flames ten or twelve feet long, what 
may we not expect would happen when the whole apparatus, 
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having risen to a height three, four, or ten times as great, accord- 
ing to circumstances, would almost graze the under surface of 
the clouds ? and when, moreover (and this is an important par- 
ticular), the metallic point which is to attract the fulminating 
matter, and which would be in communication with the long 
semi-metallic cord which officiates as conductor, being fixed on 
the upper part pf the balloon, is presented to the clouds nearly 
vertically, or in the position of the rod of an ordinary lightning 
conductor? It does not appear to me that there would be any- 
thing too bold in supposing that it might be posvsible to dissipate 
the most violent thunder or liail storms by such means. At all 
events, an experiment so highly and directly interesting both to 
science and to the agricultural wealth of countries is well 
deserving of trial. If balloons of moderate dimensions were 
employed, the expense woidd certainly be less than the vine- 
growing districts now expend uselessly in firing so many guns 
and mortars. 

The ravages occasioned in the vine-districts of Burgundy by 
hailstorms arc especially great ; it has been calculated that in 
1847 the two small communes of Vaux and Arbuissonas lost 
by hail, crops exceeding In value a million and a half of francs 
(60,000/.). Soon after the publication of the Annuaire” of 
1838, several proprietors in the departements of Saone et 
Loire, and of the Cote d’Or, expressed their wish of combining 
together to bring Into practice the method which I had proposed. 
M. Bcrthclier dc Chaussailles consulted me on the means of 
overcoming the obstacles which might oppose the realisation of 
the project. The doubts which have since arisen on the elec- 
tric origin of hail, and the difficulties which have been put for- 
ward against the theory of Volta, have proved to me that a 
full examination of the meteorological question must first be 
made. But in the part of the country In which I live I have 
not had ' the opportunity of making this examination in a 
thoroughly satisfactory manner. When science shall have con- 
tributed all that can be asked from her on the subject, it may, 
perhaps, be found that the idea suggested may be reverted to ; 
and that by the aid of balloons surmounted by metallic points, 
storm-clouds may be converted into harmless clouds, to the 
great benefit of agriculture. 
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CHAP. XLVL 

ON THE SPHERE OP ACTION OF FIXED LIGHTNING CONDUCTORS. 

To what distance ^ocs a well-constructed paratonnerre,” or 
lightning conductor erected on the roof of a building, exert 
efficaciously its preserving action ? At what distance from the 
rod, measured horizontally, may there be almost a certainty of 
not being struck by lightning ? 

This question, of which the importance cannot be denied, has 
not, I think, been studied with all. the care which it deserves. 

Guided by vague analogies, J. B. Leroy, who was so much 
concerned with the construction of lightning conductors, said, 
in 1788, that a rod four or five metres high, fixed on the highest 
part of a building, protected all around within a circle of sixteen 
metres radius. In other words, this is equivalent to saying 
that the preserving action would extend horizontally in every 
direction to more than three times the height of tlie rod of the 
lightning conductor above the building on which it is placed. 

The Section of Physics of the Academy restricted this limit. 
Being consulted in 1823 by the Minister of War, it appeared 
to adopt Mr. Charles’ opinion, and admitted, though without 
saying on what grounds, that the rod of a lightning conductor 
protects a circular space whicl) has a radius equal to twice its 
own height. 

So imposing an authority naturally drew general assent ; and 
accordingly the authors of the most recent treatises on physics 
and meteorology assign generally to the' circular space, com- 
pletely protected by a lightning conductor, a radius equal to 
twice the height of the rod. 

Supposing this to be exactly true for a rod erected on an 
ordinary building of stone or brick, or an ordinary sloping roof 
of timber covered with tiles or slates, will the same hold good 
if considerable masses of metal form part of the building or of 
the roof? Certainly no one could venture to affirm this. 

The protection afforded to a roof or a terrace Is said only to 
extend to twice the height of the rod above the roof or terrace : 
is the sphere of action of the protecting rod equally restricted ^ 
when brought down to a different and lower level; for instance. 
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when measured on the ground ? or instead of this being the case, 
does the rod of a conductor erected on a steeple, protect on the 
ground a circle of which the radius should be double the joint 
height of the steeple and the rod ? These important questions 
seem to have been scarcely Oven propounded. I subjoin some 
numerical data, which, without altogether resolving them, may 
serve to afford some useful guidance to archifects or constructors. 

On the loth of May, 1777, the powder magazine at Purfleet 
was struck by liglitning, notwithstanding the conductor, which 
Franklin, Cavendish, Watson, &c. had caused to be placed on it. 

The lightning fell on an iron cramp, which by means of lead 
soldering held together two of the slabs of the cornice surround- 
ing the building at the base of the roof. From thence it darted 
to a pipe for discharging the rain-water, which it followed down 
to the water in a well, without doing any damage excepting the 
fracture of a stone which intervened between the cramp and the 
pipe. 

I find on examining the drawings of the buildings (which arc 
drawn to scale) that the point of the rod of the lightning con- 
ductor was twenty-six feet above the level of the slabs of the 
cornice, and that the horizontal distance between tlie vertical 
prolongation of the rod, and the iron cramp which was struck, 
was only twenty-four feet. 

Thus the rod of the conductor, so far from having protected, 
at the spring or base of the roof, a circular space of a radius 
equal to twice its own height above that level, had not even ex- 
tended its protecting influence to once that distance. 

The end of the rod was eleven feet above the point of the 
roof on which it liad been erected. Double this quantity, or 
twenty-two feet, would leave the cramp two feet beyond the 
circle of action, if that circle is estimated according to the view 
of those who say its radius is equal to twice the height of the 
end of the rod above the actual point on the building on which 
it is fixed. Thus tlie most restricted of the modes of estimation 
alluded to is not invalidated by the occurrence at Purfleet; but 
the larger estimate is directly* opposed by it ; in saying this, . 
however, it is important to recollect that the point of the rod 
was not a very sharp one, and that the amplitude of the sphere 
of action has had to be measured relatively to a strong course 
of masonry of cut stone interspersed with metallic cramps. 

On the 17th of June, 1774, lightning fell at Tenterden, in 
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Kent, on one of the four chimneye of Mr. HaflFenden’s house, 
although one of the number was surmounted by the rod of a 
lightning conductor. The chimney which was demolished was 
surrounded at a little distance by leaden pipes, and was fifty 
feet distant from the rod, the point of which did not rise^ore 
than five feet above the level of the four chimneys; thus the 
distance was ten times as great as the height of the rod above 
the place struck. It is evident, therefore, that this often-cited 
case is in no respect contradictory of received ideas. It should 
also be added, that the form and construction of the conductor 
were not perfectly irreproachable. 

A violent stroke of lightning fell on the large poorhouse of 
Hcckingham (in Norfol^, on the 17th of June, 17^1, notwith- 
standing the eight Hglitning conductors erected upon it. The 
point first struck was at one of the lower corners of the slope 
of the roof ; it was covered by a broad sheet of lead. 

From this point to the nearest lightning conductor the hori- 
zontal distance was 58 feet, and as the upper extremity of 
the rod only rose 22 feet above the level of the spot struck, — 
less, therefore, tlian half tlie horizontal distance between that 
spot and the prolongation of the vertical rod, — it follows that 
the point struck was not situated within the circle which the 
above quoted received opinions have named as that which 
ought to be perfectly protected. Moreover, there was here 
also ground for the remark, that tlie conductors did not ter- 
minate in earth sufficiently humid. 

Dr. Winthrop, of New Cambridge, relates that a tree was 
struck by lightning, and scored throughout its entire length, 
although it was only at a distance of fifty-two feet in a hori- 
zontal line from the lightning conductor on the church steeple. 

in as seems natural to suppose, the height of the steeple 
was not less than six-and-twenty feet above the top of the 
tree, the fact related by Dr. Winthrop would be directly at 
variance with the idea, that the radius of the action of a light- 
ning conductor is. to be measured by double the absolute ver- 
tical height of the extremity of the rod above the objects to be 
protected. 

A stable, belonging to William Littleton, Governor of 
South Carolina, was struck and much damaged by lightning, 
although situated only sixty feet from a house furnished with a 
good lightning conductor. 
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This account does not state either the elevation of the point 
struck, or that of the lightning conductor; wc cannot, there- 
fore, deduce from it anything respecting the radius of action of 
the apparatus. 

I ^otice anotlier fact which is also not sufficiently circum- 
stantially related ; as the objects still exist, there is nothing to 
prevent the deficiencies being supplied. 

The tower of the church of St. Michael, Cornhill, London, 
is surmounted by an excellent lightning conductor ; but this 
did not prevent lightning from striking the leaden covering of 
the summit of the steeple of St. Peter’s,' though situated much 
lower than St. Michael’s, and not more than 200 feet distant 
from it. 

There is wanting in this account the statement of the vertical 
helffht of the Iif2:litnin2: conductor on St. INIichael’s above the 
leaden covering of the steeple of St. Peter’s. If, as seems pro- 
bable, this difference docs not amount to a hundred feet, there 
is nothing In the event to invalidate the rule which makes the 
radius of action equal to twice the relative height. 

Taken conjointly, the above facts authorise the assumption, 
that the j^rcservlng action of lightning conductors erected on . 
the tops of buildings may be safely estimated to extend to a 
horizontal distance, equal to twice the height of the rods of the 
conductors measured from the points on which they are fixed. 
Even the event at Purfleet confirms this determination. 

In order to protect an extensive building, it will therefore 
be necessary to arm it with several lightning conductors ; and 
the less the height of the rods the more they must be multi- 
plied. Their number will be sufficient, when there shall be no 
point of roof, or terrace, or other portion of the building, of 
which the horizontal distance from the nearest rod shall be 
greater than twice the height of that rod above its base. 

This rule being a logical deduction from /acts, it is difficult 
to understand how, in considering the construction of lightning 
conductors, Franklin should have attached, so little importance 
as he appears to have done to questions of elevation. All that 
he required was, that the points of the rods should rise a little 
above* the tops of the chimneys. I also see, in a note signed ^ 
by Cavendish, Priestley, Lord Mahon, Nairne, Watson, &c., 
the heighi of the rods fixed at 10 feet. In France, our builders 
go up to 10 metres (nearly 33 feet), and even only stop there 
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on account of considerations connected wi^ isolidity. Of these 
two classes of dimensions, there can be no doiifet'^iyhich ought 
to be preferred. 


CHAR XL VII. 

ARE LIGHTNING CONDUCTORS HAVING THEIR RODS INSERTED HORI- 
ZONTALLY, OR IN VERY INCLINED DIRECTIONS, IN THE ENTABLATURE 
OP A BUILDING, USEFUL? 

All other circumstances •being equal, lightning must be ex- 
pected to strike, and actually does s4'ike, the most elevated 
portions of buildings ; but where arc we to find perfect equality 
of circumstances? In how- many ways may not such equality 
be disturbed ? Arc not a metal cramp, the handle for opening 
and shutting a casement window, the 2:)ipc of a stove, &c. &c., 
suflScient to do so ? Besides, if clouds charged with fulminating 
matter were not generally terminated by ncarlyhorizontal sur- 
faces, the most elevated portions of buildings would not indis- 
juitably possess the unenviable privilege which wc have just 
attributed to them. Now I would bring to the reader’s recollec- 
tion those ragged fragments, or shreds of cloud (descending in 
times of thunder almost to the grojind), which the general mass 
draws along with itself wherever it is carried by the wind; 
certainly nothing can well be less suited than a vertical rod for 
gradually and silently drawing away the fulminating matter with 
wdiich these pendant douds are charged. On the other hand, a 
horizontal, or obliquely placed, rod would be extremely well 
fitted for the purpose. This is not, however, the only office 
which such rods might perform ; they would also serve to receive 
strokes of lightning tvhich would otherwise have struck the 
lateral faces of the buildings. Is it supjiosed, as is thought by 
some physicists, that these faces cannot be exposed to the same 
danger as the culminating jiarts of edifices? My answer is 
ready, and will consist in the relation of some facts which I 
have collected, and which appear .to me to leave no room for the 
slightest doubt. ' 

Mr. Alexander Small wrote to Franklin from London, In 
1764, that lie had seen in front of his windows a very vivid and 



242 


METEOROLOGICAL ESSATS. 


slender fulminating dart, moving low down, without apparent 
zigzags, in a nearly horizontal direction, and had seen it strike 
a steeple far below its summit. 

In September, 1750, a violent stroke of lightning killed two 
men on the ground-floor of the house of Mr. James Adair, at 
East Bourne; it also entered the first story by a window and 
did much damage, whilst the upper story and the roof were 
entirely iintouclied. 

These effects might have been guessed, before they were 
ascertained to have taken place, from tlie observations of dif- 
ferent persons who, at the time of the occurrence, were walking 
on the sea shore. The line traced by the meteor appeared to 
lead straight to the very middle of the front of the house. It 
was only there that it bi'okc, and divided into several branches. 

On the 12thvOf August, 1783, lightning damaged the steeple 
of the catliedral at Lausanne. It fell first on a horizontal iron 
bar, serving to unite two little columns situated at two-thirds 
of the height of the edifice. Tlici*e is no reason to doubt that 
the fulminating flash really had this comparatively unusual 
direction: a trustworthy eye-witness distinctly saw it dart on 
the bar; and Dr. Verdeil, to whom the observation was imme- 
diately communicated, made in consequence the most scrupu- 
lously careful examination, in the course of which he could not 
discover any trace whatsoever of the action of lightning higher 
than the bar in question. 

This lateral stroke, directed to a point so distant from the 
summit of the steeple, is the more remarkable because the 
building was accidentally well provided with a kind of lightning 
conductor. 

Dr. Verdeil says in effect: At the summit of the steeple 
there is a kind of shaft with eight longitudinal faces, surmounted 
by a long iron rod, on which the weathercock turns, and ter- 
minating in an iron point formed like the head of a pike. This 
octagonal shaft is entirely covered with copper sheathing. 
Eight bands of the same metal descend from the shaft along 
the angles of the spire, which is covered with enamelled tiles; 
these bands terminate in a horizontal rain-gutter, which en- 
tirely surrounds the base of the spire, and empties itself 
through two tubes of very thick mekl into two large copper 
reservoirs, which are always full of water. Two long copper 
tubes run down from the bottom of these reservoirs into a 
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common cistern, from whence they are conveydd to a fire- 
pump, which they fill whenever there Is rain. This pump 
communicates through metallic spoOts witli the spout which 
pours out the rain-water on the pavement.’^ 

Let us admit there to be rain (and we know that much rain 
had fallen for half an hour previous to the fulminating stroke 
of the 12th of August, 1783), and we have a combination of 
metallic bars, plates, and tubes, forming, as we have before 
said, an almost unimpeachable lightning conductor. 

We next take the case of lightning striking , one of the sails 
of a windmill (the mill at Toothill, in Essex,) in repose, and 
inclined to the horizon at an angle of 45 degrees. This oc- 
curred in 1829. Who would not imagine that the point struck 
would be at the upper part of the sail ? It happened quite 
otherwise : on the middle of the sail there was an iron knob, and 
it was entirely upon this that the lightning fell, leaving the 
upper parts of the “sail untouched; so that the advantages of 
greater height were much more than counterbalanced by the 
presence in the lower portion of a few jiounds weight of meta]. 

If I required to prove that inclined lightning conductors 
ought always to be affixed to buildings, the facts I havp cited 
would be too few ; but it will be remembered that I only 
wished to show that in certain cases oblique rods may do good 
service. 


CHAP. XLVIIL 

ON THE BEST TOBM AND ARRANOKMENT TO BE GIVEN TO TUE 
SEVERAL I’A^TS OF WHICH A LIGHTNING CONDUCTOR IS GOH- 
rOSED. 


§ 1. On the Point 

We have proved that if it bq desired, as It is reasonable it 
should be, not to lose the advantage of the property wlicrcby 
lightning conductors may serve to witlidraw gradually and si- 
lently from storm-clouds ^he fulminating matter with which they 
are charged, we must make their rods terminate in a very 
sharp point. If this point is made of iron, the x'Ust occasioned 
by the action of the air and water will soon destroy, it; it 
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will be blunted, and its witlidraAving faculty will be diminished 
day by day. 

This inconvenience was at fii’st counteracted by gilding the 
point of the iron rod for a certain way down : -gilding on iron 
being very little durable, it was afterwards found better to 
screw on points of copper gilt to the extremities of the rods ; 
and, lastly, j)oiiits of iron or of copper have been generally 
replaced by platinum points, since improvements in metallurgy 
have enabled the supply of the latter at very moderate prices. 

Platinum points arc to be preferred to copper ones, not only 
on account of their inalterability under the action of water and 
air, but also on account of their nonfusibility. A stroke of 
lightning which would fuse or blunt a copper point, would, on 
the contrary, leave to the platinum one that sharpness on which 
the great intensity of its action depends. If it is remembered 
that the rod of the lightning conductor may be struck at the 
beginning of a thunderstorm, and that, moreover, in many 
cases, the ro])lacement of j)oints requires costly scaffoldings, the 
advantage of the nonfuslbility of platinum points, both as re- 
gards safety and economy, wHl be readily appreciated. These 
advantages are such, that in 1790, at a j)criod when the manner 
of woi’king platinum was scarcely known, the Philosophical 
Society of Philadelphia received with great applause the pro- 
posal of Mr. Robert Patterson to make the points of lightning 
conductors of another substance very little liable to fusion, 
viz., plumbago (cavl)urct of iron). 

In some countries — i,e, in Germany and in England — some 
constructors of lightning conductors adapt to the extremity of 
their rods, not a single point, as is done in France, but a ver- 
tical point, around Avhich are arranged several others very 
divergent, and inclined to the*liorizoii at different angles. 

One reason alleged in favour of this practice was this ; if we 
suppose that one point becomes oxydised by the air and blunted, 
and loses thereby part of its power, several blunted and rusted 
points would act in their combination as powerfully as a single un- 
injured point. This reason in favour of many points has no very 
great weight at the present time, inasmuch as a single platinum 
point perfectly answers the same purpose ; but it was not the 
only reason given ; it was hoped that by the employment of 
points both differently inclined, and directed towards different 
parts of the horizon, there would always be some one amongst 
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them which would present itself perpendicularly to the storm- 
cloud, whatever might be the form and position of the latter. 
All this may well appear a little overstrained,<»:but yet, until 
very careful* repetition of Beccaria’s experiment, on which we 
dwelt in a preceding page (p. 230.), shall have established that 
a vertical point withdraws from every kind of cloud more ful- 
minating matter than an inclined one ; o^ better still, until by 
following up the method of the celebrated Turin physicist, it 
shall have been proved that a single point ahvays acts more 
powerfully than several divergent or radiating points, it will 
not be proper to treat the employment of conductors with 
multiple points as a device to be regarded only with contempt. 
I admit, nevertheless, that for the present, and until these ex- 
periments shall have been made, it will be wise, and quite 
sufficient, to keep to the form originally recommended by 
Franklin.* 

§ 2. — On the Conductor. 

It is on the good construction and good arrangement of the 
conductor that the presei;ving jCctioii of Franklin’s apparatus 
principally depends. 

Both the conductor and the ujiper rod ought to be sufficiently 
thick and massive to be exempt from the danger of being fused 
by a stroke of lightning. According to all the fixets collected in 
Chapter XVIII., it follows that this condition will be abun- 
dantly satisfied by the employment of srpiarc or cylindrical bars 
of Iron or copper 8-tentlffe of an inch diameter. If a greater 
thickness than this is given, and particularly at the base of the 
rod, it is only to resist better the force of the wind. 

Jn order to preserve the rods and the conductors from rust, 
they are usually covered with a coat of paint. In America 
such minute precautions have been taken, that the paint chosen 
is lamp-black, on account of the property which that substance 
possesses of rendering compositions, into xvhich it enters in con- 
siderable proportion, pretty good conductors . of fulminating 
matter. 

As the conductor can only fulfil its office properly by pos- 
sessing the condition of parting with this matter at the same 

* I do not speak here of the method wiiich some constructors of lightning 
conductors had adopted, which consisted in making the points of magnetised 
iron or steel, which must be regarded as quite useless. 
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rate that it receives it^ it is absolutely necessary to supply what 
may be wanting in the degree of conductibility of the grpund, 
by the multiplication of the points by which the fulminating 
matter may flow off.* If the conductor goes down into earth 
only moderately liumkb and therefore, only moderately per- 
meable to fulminating effluxes, it will be necessary for the con- 
tact between them to extend through a considerable length. 
This length may be less if the ground remains strongly saturated 
with moisture throughout the year, and less still if the conductor 
goes down to a natural sheet of water. 

The highly necessary multiplication of the number of points 
by whicli the fluid may flow off‘ into tlie ground, might be 
obtained by, as it were, spreading out the metal, bringing the 
lower part of the conducting bar, by the action of proper ma- 
chinery, into the form of a wide plate, and tlius extending as 
much as possible the surface brought down into the ground. I 
even believe, that if this expansion, or extent of surface, were 
sufficiently groat, it would not be necessary to sink it below 
ground; a mere siiperficiul contact would be sufficient. For 
instance, I belfeve this woidd be qui^e sufficient in the case of 
buildings surrounded at their base by a border of lead or of tin, 
bent at right angles in such a manner that one side of the angle is 
laid against tlie upright wall, and the other rests upon the ground. 
Let the conductor be in good contact with this border, and the 
fulminating matter which, during the most stormy weather, it 
receives from the rod, Avill be able to pass off through so great a 
number of points, that there will no Jbnger remain any reason to 
apprehend cither luminous jets or detonations. It is for this 
reason, if I am not mistaken, that such a monument as the column 
of the Place Vendomc, resting on a wide metallic pedestal, whujh 
itself rests with its whole under surface in contact with the 
ground or j^avement, can dispense with a conductor. 

Usually, it is by making the conductor divide into several 
branches, and not by spreading it out, that constructors of light- 
ning conductors. augment the underground surface by whieh the 
fulminating fluid is to pass off into the earth. 

When the conducting bar enters the ground there is an 

* Mr. Hare, Professor of Chemistry in the tJniversity of Pennsylvania, 
proposes, when possible, to make the underground portions of lightning 
conductors communicate with the cast-iron pipes used to distribute water 
through the different parts of towns. . 
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alternative between two opposite difficulties. If the soil is 
liumi(^ the fulminating matter passes off easily, but the metal 
rusts and is soon destroyed. If. the soil is dry the bar lasts a 
long time, but it fulfils its functions very badly. It was there- 
fore very desirable to discover some substance which should be 
a^ood conductor, but should not injure iron. Charcoal, when 
^ it has been passed through a red heat, is of this descrijition. 
Accordingly, as Kobert Patterson proposed in 1790, those con- 
structors of lightning conductors who are well acquainted with 
all the resources which science offers, take care to make the 
conducting bar 2:)ass through a kind of well filled with baker’s 
braise or embers, I put this in italics, that there may be no 
mistake ; it is indispensable that the charcoal should have been 
heated to redness ; common charcoal cannot answer as well. 

When the conductor goes down into a natural sheet of water, 
experience has proved that it is sufficient that the conductor 
should be sunk about three feet into the water. 

I have spoken of a natural sheet of water, in opposition to 
artificial reservoirs or cisterns of rain water. It is. a mistake to 
suppose that cisterns of which the bottom and sides have been 
rendered wafer-tight, 'whether by cement, slabs, bricks, or 
otherwise, can be regarded as ocpiivalent to wells properly so 
called. The bricks or slabs, or hydraulic cement, being dry in 
.the middle of their tliickncss, offer only a very difficult passage 
to the fulminating matter, wdiich cfuinot, therefore, as in the 
case of a well, pass rapidly away and disperse itself to a dis- 
tance through a multitude of fissures and small openings full of 
water, or, at least, of moisture. Instead of this, in the water- 
tight cistern, the fulminating matter having for a moment 
taken possession of the water, and not being able to pass on 
further and escape, turns back, re-ascends the conducting bar 
by which it had descended, and throws itself, wdth a fulminating 
stroke or detonation, on some object in the vicinity. 

I may fairly be asked to adduce some proofs in support of 
this theory, and I hasten to do so. 

On the 19th of June, 1819, lightning stVuck the principal 
pinnacle of the Cathedral of Milan, whicii pinnacle was sur- 
mounted by a lightning-rod, of which the conductor plunged 
into what was supposed to be a large w’^ell, — the whole appa- 
ratus being in good order. Nevertheless near the conductor, 
which had itself sustained no injury, there were found, at 
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different elevations, marbles broken or detached; arabesques 
defaced, &c. On a thorough -examination of ail the ci^cuin- 
Btances, by Professor Configliachi, it proved that the supposed 
well was in reality a tiled cistern I 

On the 4th of January lightning struck the protecting appa- 
ratus placed on tlie summit of the lighthouse of the port of 
Genoa, The rod and the conductor were broken in several 
places, though all had appeared to be in good order, and 
although the conductor went down into water; but this water 
was contained in a water-tight cistern of small capacity, hollowed 
out by the hand of man in the rock on which the lighthouse 
stands. 

Howxyer slight may be the resistance which is opposed by a 
metallic bar to the passage of the fulminating matter, it is well 
not to neglect it; and, as tins resistance must increase with the 
length of the bar, it will be proper, if no serious objection 
exist, to bring the conductor by tlie shortest possible path from 
the foot of the vertical rod, which attracts the lightning, to the 
moist earth into whicli it is to discharge itself. 

I have just spoken of the thickness proper to be given to the 
conductor with a view to what may be cMlcd sinqde, or single, 
strokes of lightning, in which the rods had received only the 
fulminating matter by which they had been immediately 
struck. These dimensions might very well be insufficient if, 
at a given instant, one conductor had to receive and to transmit 
to the ground all the fulminating matter which had simul- 
taneously struck several lightning rods. This remark shows 
the obvious necessity of having as many conductors as rods. 
It does not, however, prevent its being useful to establish an 
intimate connection between the base of all the rods" by means 
of the iron bars which run along the ridge beams of roofs, and 
which need not be as thick as the conductors expressly pro- 
vided as such. It Avill also always be an advantage to extend 
the same kind of communication to large metallic pieces form- 
ing parts of the roofs or parapets of buildings, and especially 
to the iron beams which are now coming so much into use. 

Rigid metallic bars only adapt themselves to the various in- 
jflections of the roofs, cornices, and architectural ornaments, by 
means of many breaks and junctions, wherein, in. course of 
time, water and consequent rust occasion undesirable inter- 
ruptions. These disadvantiiges are avoided at the present time. 
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by the substitution of flexible nietalli<i cords in lieu of the bars^ 
whiqh were formerly exclusively employed. These cords have, 
and ought to have, the same dimensions as the bars previously 
used. The strands of which they are formed may be pitched 
separately; but this must not prevent the entire cord from 
being afterwards itself pitched with the greatest care. Of 
course it must always be distinctly understood that the tar 
is to cover only those parts of the cord which arc to be pre- 
served from contact with air and qjoisturc. It is indispensable 
that those parts which are intended to be sunk in water, damp 
earth, or embers, should, on the contrary, have their metallic 
surfaces as perfectly bare as possible. 

Some constructors have thought it necessary to interpose 
between the rods and conductors and the roofs and walls of the 
buildings, non-conducting substances, such as glass, pitch, &c., 
to prevent any appreciable quantity of fulminating matter 
from deviating laterally and darting from the conducting bar 
to the objects which it was designed to protect. But this 
practice? of insulating the conductors has been nearly given 
up, having at last been recognised as an unnecessary (and 
very costly) precaution ; inasmuch as fulminating matter, once 
engaged in a metallic bar sufficiently thick, and terminating in 
liquid of indefinite extent, docs not quit' such a bar to throw 
itself on the materials of which buildijigs ordinarily consist, 
unless in quantities so small as to be incapable of producing 
injury, or even any sensible effects. 

It would seem as if the game arguments should lead to the 
decision of a question which has been much debated jimong 
physicists, ie. whether it is a matter of indifference whether 
we place liglitning conductors inside or outside our buildings. 

I own that on this latter point I am far less ready to answer 
affirmatively. Voltaire says, There are some great lords 
whom one should only approach with extreme precaution; 
lightning is such a one.” I feel inclined to admit that the 
illustrious author may be right, when I remember the case 
previously cited by me (p. 142), in which tlie lightning, quitting 
the conductor on the outside of Mr. Eaven’s house, went off 
horizontally through the wall in order to strike a fowling-piece 
standing upright in the kitchen. How much injury might not 
have resulted from this lateral movement, if the lightning had 
not had to traverse a thick wall ? 
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It will be said, the conductor was not thick enough; no 
doubt that is true : but I will now cite a case in which every 
thing appeared to be in good order, and the apparatus acting as 
well as could be wished ; and yet the fulminating matter dc- 
viated from its path; and there is every reason to believe 
disastrous consequences would have resulted if a thick wall had 
not in the same way intervened between the conductor and a 
number of labourers inside tlic building. 

On the 31st of July, lg29, in the prison at Charleston, 
simultaneously with a loud clap of thunder, three hundred 
persons sustained a violent shock, the general effect of which 
was a great weakening of muscular strength for several seconds: 
no one suffered any permanent injury. 

The prison was provided with three lightning rods and con- 
ductors, all in good condition, and placed eighteen feet apart ; 
and, indeed, the building was not apj)arently touched in any 
way. How, then, did it happen that this preserving effect of 
the conductors did not extend as usual to the inhabitants as 
well ? 

This question has been deemed to be satisfactorily answered 
by the large quantity of iron in tlie interior of the prison. 
Mr. Bryant, the governor, estimated It at 100 tons, to which it 
must be added, that much the greater number of persons had 
either hammers, files, guns, or pikes in their hands. 

Hitherto, physicists do not appear to have attached any im- 
portance to the form of the Inflections which it is nccessjiry to 
make in the conductor in bringing it from the sloping roof to 
the ve^^tlcal wall. In passing the caves, the cornices, &c., the 
conducting bar or chain is bent into a right angle, and sometimes 
even into an acute angle. Nor is it very uncommon to find 
equally abrupt changes of directi6n in other parts of the con- 
ductor, even near the ground. Let us suppose a violent stroke of 
lightning to occur, and we shall see that such inflections may 
become dangerous, at kast if I may judge from several events 
of which I have read accounts, and which seem to authorise the 
belief that, in calculating the march of fulminating matter, we 
should not altogether })ut aside acquired velocity. On this 
subject, the ^^Description of St. Domingo,’^ by^ Moreau de 
St. Mery, vol. i. p. 393., gives an account of lightning at first 
following the conductor with regularity, then abandoning it 
at the point w'here the bar was bent so that its two parts 
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formed an acute angle, and, passing on through the air, striking 
objects situated in the prolongation of the first side of the 
angle. 

The Memolres of the Academic de Lausanne, tome i., also 
show us lightning which, having arrived in a very oblique 
direction at the middle of a horizontal bar, was only propa- 
gated through it in the continuation of the same direction, 
although every thing in the bar was quite symmetrical. The 
question being now proposed, it may be expected that cabinct^ 
experiments will soon show if these considerations are un- 
founded ; in the meantime, it can but be advantageous to avoid 
acute angles in the form of the conductor, and to take care to 
make the necessary changes of direction gradual by gentle 
curves. 

On the 16th of December, 1852, lightning struck and fused 
the rod erected on the tower of the seminary of St. Anne 
d’Auray; the conductor was broken at the j^art where, after 
having followed the contour of the cornice, it bent again to 
descend vertically to the ground. 

This is a fresh proof of the necessity of not making the 
conductor bend into too acute angles. (Relation de TAbbc 
Pinol, in the journel le Cosmos^ 12th of eranuary, 1853.) 

The minute dust of gunpowder, which is carried about by 
the slightest current of air, and which is deposited on all 
internal and external projections or ledges of pow der magazines, 
becomes a source of real danger in such establishments. Suppose 
this minute dust to be ignited by a spark resulting from an 
imperceptible intcrruj)tion to the continuity of the conductor, 
it may be the means of setting lire to the barrels of powder. 
The consideration of this' possibility has given rise to sugges- 
tions for placing the lightning conductors intended for the 
protection of ])owdcr magazines, not on the buildings them- 
selves, but at the extremity of long upright masts, to be fixed 
some feet from the walls. This idea was put forw^ard as early 
as in 1776 by Toaldo. At a later date (in 1823) it received 
the high approval of the Academy of Sciences ; unfortunately 
its application is subject to a very serious difficulty arising from 
a question which ^we have already had under consideration. 
We know ^rery well that the points must rise higher than the 
highest part of the building ; but what is, the radius of their 
circle of action? If we might suppose it equal to' twice the 
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absolute height of the point of each lightning rod above the 
ground, a small number of such apparatuses would be sufficient 
to protect the largest magazine. But if, on the other hand, we 
admit that the radius is only to be estimated at twice the 
height of the points above the most elevated parts of the maga- 
zines, we shall find that there are buildings of this kind which, 
unless by an immense outlay, it would be impossible to protect 
by means of lightning conductors on detached masts. 

Although I have already insisted at much length on the 
rules which ought to be adhered to in the establishment of 
lightning conductors, yet I will add here an account of the 
stroke of lightning which so seriously threatened the powder 
magazine of Bayonne on the 23rd of February, 1829. Faults 
which have been actually commitied, and which have narrowly 
escaped causing great calamities, always leave in the mind more 
durable recollections than do simple precepts or rules. It 
may moreover be useful to show how an arrangement of apjia- 
ratus of the highest pretension may become most objectionable, 
merely by the neglect of what might appear slight circum- 
stances. 

The powder magazine at Bayonne is a building 57 feet long 
by 37 feet wide. The roof slopes both ways, and both the 
ridge and the gable ends are covered by large sheets of lead, 
connected together. The rod of the lightning conductor is 
22 feet high, and a piece of lead which Is soldered to one of the 
sheets is wrapped round its base. By ' this arrangement all 
the metallic parts of the roof are in communication with each 
other. 

The conducting part of the apparatus is an inch and two- 
tenths in diameter : instead of being sunk into the earth in the 
usual manner at the foot of the building, it is supported in a 
horizontal position, nearly 32 inches above the ground, by five 
wooden posts. It is only at a distance of 33 feet from the 
outer wall of the magazine that it is sunk vertically in a square 
pit about 7 feet each way, with masonry sides, and filled with 
charcoal to a depth of about three feet and a half from the 
bottom. In order to multii>ly the points of contact between 
the charcoal and the natural soil, the four walls of the pit are 
terminated below by open arches. The pointed^ end of the 
conductor rests on a peg stuck into the bottom of the pit. 
Metallic roots diverging from the principal stalk, and branching 
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out into further subdivisions, extend through all, parts of the 
mass of charcoal, above lyhich there is a layer of loose earth, 
covered over with a pavement of stone slabs. 

On the 23rd of February, 1829, at four in . the afternoon, a 
few minutes after a heavy driving shower of rain and hail with 
a strong west wind, lightning struck the point of the rod and 
fused it for a length of about half an inch. So far there w^s 
nothing extraordinary. But there were found evident indica- 
tions. of discharge of fulminating matter at many other points ; 
tlierefore the metallic rod had not protected the building com- 
pletely. 

At the south-west corner the sheet of lead covering the 
gable showed a rent of 7^ inches in one direction, and 8^ in 
another, precisely above an iron link used to fasten together 
two of the stones of the cornice. 

The lightning had also left traces of explosion on the five, 
wooden posts, of which we have already spoken as having been 
used to suiiport the conductor horizontally above the ground. 

The piece of lead capping the i)ost nearest to the building 
had been raised, and the two nails which fastened it pulled out ; 
on the cap of the second post there were two nearly circular 
lioles, and a small rent ; on that of the third there were three 
holes, one of which was 2^ inches long by 4-lOths of an inch 
wide. The lead of the fourth and fifth posts had only one 
hole pierced in each. In all these openings or rendings the 
lead Avas turned back from below upwards. 

Such arc the principal facts put on record in a letter to the 
Minister at War by the Colonel Director of Artillery at 
Bayonne, and in the Keport drawn up by a Commission named 
by that officer to ascertain the mischief done. 

The section of Physics of tlie Academy of Sciences being 
called upon at the time to give its opinion on the event, and to 
explain the inefficiency of an appai’atus which might appear at 
first sight to have been established with great care*, recorded the 
fruits of its examination in a report drawn up by Gay Lussac ; 
and I cannot do better than analyse the principal conclusions 
therein contained. 

The conductor did not offer to the fulminating matter a 
sufficient channel for flowing off ; it therefore opened for itself 
fresh outlets by the south-west corner of the building and by the 
five wooden supports. 
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The cause of the insufficiency of the lightning apparatus at 
Bayonne is to be looked for in those really inexplicable arrange- 
ments adopted by the constructors, which we have described 
above. The metallic conductor ought either to have been 
immersed in a well of water, or at least to have been in exten- 
sive contact with moist earth.‘ But on the contrary, as if it 
loj^d been feared to offer too great a number of outlets to the 
fluid, all the portion of this bar which ran horizontally was 
supported at a height of 32 inches above the ground by wooden 
posts, in other words, by very imperfect conductors*: subse- 
quently the bar only went 6 or 7 feet into the ground. It is 
trvie that the extremity of the bar was surrounded by charcoal, — 
but it was only charcoal, not embers which had been red hot, — 
and ordinary charcoal does not possess any remarkable amount 
of conducting power, f 

Under these circumstances is it very surprising that the 
lightning branched off? that for want of sufficient outlet by its 
intended path, a not inconsiderable portion of it should have fol- 
lowed th.c direction of the five posts in order to reach the ground? 
and that, moreover, at tlic south-west corner of the building, a 
part should have darted from a lead plate in communication* 
with the conductor to the iron link joining the two stones 
which the lead covered? The preference thus given to the 
south-west corner may also be explained by the circumstance, 

* This arrangement had probably been suggested by a very just, but in 
this case very ill interpreted, precept of Franklin’s. The great American 
physicist desired that the lower extremity of a conductor should not remain 
too near the walls of the building. He feared, that in the absence of sufli- 
cient conductibility in the soil, the explosion of which this end must in- 
evitably be the seat, miglit go off laterally towards the foundations of the 
building, which might be shaken thereby, if the proximity were too great. 
He therefore advised that the conducting bar, after being sunk in the 
ground, should be inflected, and carried to some distance from the walls ; 
but he Would never have sanctioned this distance being obtained at the 
cost of diminishing the number of points of contact between the bar and the 
soil. He doubtless would have approved the 33 feet of laterid deviation in 
the conductor at Bayonne, but would have done so on the express condition 
that, instead of being carried in the air on posts, these 33 feet of metallic 
bar should ha-^ been sunk in the ground. 

f I must repeat that it has been established by many experiments that 
ordinary charcoal, L e, charcoal but slightly calcined is, when dry, scarcely 
at all a conductor of fulminating matter. Wheif saturated with water it 
has decided conducting properties, but even then much less so than 
embers which have been in a strong fire. In the absence of this latter kind 
of charcoal, pulverised coke may be used. 
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that the wall at this corner, having just befgre the explosion 
had the thunder shower, driven by th^ west wind, beating 
against it, had become a semi-conductor. 


CHAP. XLIX. 

ON THE ORGANS WmCfl ARE MOST USUALLY AFFECTED IN DEATHS 
OR INJURIES OCCASIONED BY STROKES OF LIGHTNING. 

The solution of the question which forms the heading of this 
chapter is in the highest degree interesting to those who are 
concerned in legal medical investigations. It must, however, be 
admitted, that it has not yet been treated with the attention 
and strictness which it requires. 

Jolm Hunter said, that lightning in traversing the body 
produces an entire and instantaneous destruction of the vital 
principles. I must be pardoned for saying that this Is but 
repeating known fiicts in obscure terms. According to Brodie, 
death follows from the action of the lightning matter on the 
head. 

Edwards considered death caused by lightning to be the 
result of a disorganisation of the nervous system. Others 
confine the action to the cerebro-spinal system, but without 
however citing any decisive experiments in support of their 
opinions. 

Lightning produces on animated bodies struck by it con- 
siderable mechanical effects, which for the most part have sdme 
manifest relation to the portions of metal disseminated in the 
clothing of the sufferer. Sometimes the marks left by the 
lightning are merely superficial, being entirely confined to the 
skin; under other circumstances the very bones, are broken. 
A case has even been reported in which the skull of a man 
struck by lightning appeared as if it had been crushed by a 
heavy bruising instrument. It is not uncommon for the clothes 
of the person struck to take fire. 

It has . been said on the authority of Hunter,' but without 
sufficient proof, that the blood of a man or of an animal struck 
by lightning does not coagulate in the body, and that the 
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muscles never acquire the rigidity of an ordinary corpse ; but 
this assertion is shown to be incorrect by authentic anatomical 
examinations and dissections * made by Schultes of Landshut. 
It has. also been said that in this kind of death putrefaction 
manifests itself sooner than usual. 

When it happens -that the person struck to death by light- ^ 
ning had about him a knife, needles, or anything made of steel, 
the powerful magnetism which is at the same time imparted to 
those objects is perhaps the most evident proof which a surgeon 
or magistrate could receive of the nature of the fatal accident. 

Instances have been cited in which strokes of lightning, 'not 
sufficiently strong to cause death, had occasioned deafness, or 
had produced amaurosis, with dilatation of the pupil and loss of 
its power of contraction. In some cases the deafness or the 
amaurosis very soon disappear; in other instances they have 
lasted for several days, or for several weeks. 

The most frequent result of strokes of lightning of moderate 
intensity is partial paralysis, more or less persistent, of the legs 
or arms. 

Mr. Edouai’d Robin attributes death occasioned by lightning 
to a kind of asphyxiation, or a sort of sudden disappearance 
of atmospheric oxygen. He thinks he finds a confirmation 
of his theory in observations made by an Italian physician, 
from which it would follow that in the body of a person whose 
death has been occasioned by lightning, putrefaction is, com- 
paratively speaking, but little active. 


CHAP. L. 

PEHSONS BTRCCK BY LIGHTNING HAVE FREQUENTLY THE HAIR ON 
THE DIFFERENT PARTS OF THEIR BODIES BURNT OFF. . 

Instances of this kind of effect are both numerous and well 
authenticated. I will only notice here a few, which have, been 
characterised by exceptional circumstances. I subjoin an ex- 
tract from an account communicated to me by M. Rihouet, 
captain of a frigate, who was performing the duties*., of second 
in command on*^ board the ‘^Golymin,^ ship of the line, when 
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tJiat vessel was struck by lightning, on the night of the 21st 
of February, 1812, when going out of the harbour atL’Orient. 

M. Kihouet received several hurts in the head. The next 
day,” he said, when I wanted to shave myself, I found that 
the effect of the razor upon the beard was to pull it out by 
the roots, instead of cutting it ; and since that time I have had 
no beard. The hair on my head, my eyebrows and eyelashes, 
and generally all the hair on my body, successively came out in 
the same way by the roots, and did not grow again. During 
the year 1813, the nails on my lingers scaled away, but those 
on my feet underwent no visible change.” 

»I find in the Cartas eruditas of Perc Feyjoo, that after the fall 
of a thunderbolt in the town of Santiago, a young man, named 
•Tuan Francisco Mcnendez Miranda, near whom the meteor 
passed but without hurting him at all, began to lose the hair 
from Ids head and all parts of his body, so that in the course of 
a few days none remained. 


CHAP. LI. 

VERY INTENSE STROKES OF LIGHTNING KILL MEN, ANIMALS, AND 
VEGETABLES ; STROKES OF LIGHTNING OF A MODERATE DEGREE 
OF INTENSITY HAVE FREQUENTLY APPEARED TO RID MEN AND 
ANI3IALS OF MALADIES FROM WIHCII THEY WERE BEFORE SUF- 
FERING, AND HAVE EVEN MARKEDLY ACCELERATED THE GROWTH ‘ 
OF VEGETABLES. 

M. Quatrefages, in 1838, has reported in detail two jicrfectly 
well authenticated cases of such effects. 

On the 20th of June, 1831, a person employed about the 
telegraph at Strasburg, was struck by lightning in his sentry- 
box, and fell senseless on the floor. His neck and arras were 
rigid and paralysed, as were also his lower limbs. The para- 
lysis of the left side lasted until the following morning. 

His health had been pretty good previous to the accident j 
but as soon as his hurts were healed, he often repeated that he 
had never felt so well in his life before. lie became in a re- 
markable degree fatter and stouter, and he himself always 
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attributed to the stroke of lightning, the sensible improvement 
which took place in his health from that time forward. 

On the 10th of June, 1835, at Martinique, ♦M. Boaldes, 
having been struck by lightning, fell to the ground paralysed 
in his lower limbs and in his right arm ; but this paralysis lasted 
but a short time, it yielded to repeated rubbing, and three 
hours after the accident no trace of it remained. This powerful 
shock was followed by the recovery of M. Roaldes’s health, 
which liad been previously very indifterent. 

M. Cartlicuser records a case of amaurosis cured by lightning., 

At Plancy (Departement dc TAubc), lightning fell on the 
20th of July, 1843, in a workroom where several men were 
engaged with hosiery looms. One amongst them, who suftbred 
from rheumatic pains, was entirely cured. 

A valuable sick horse, belon^jinj? to the lieutenant-colonel 
of the tth regiment of chasseurs, formed part of. the column 
struck by lightning at Tarbes, on the 13th of June, 1842 ; the 
animal had several setons, and had been condenined by the 
veterinary surgeons. Nevertheless, the day after the accident, 
its health showed rapid improvement, and in the course of 
twelve days it was quite out of danger. {JJEcUo du Monde 
savanty August 7. 1842.) 

The following fact is completely at variance with the pre- 
vailing ideas respecting the influence of thunderstorms on the 
development of certain insects, more particularly silkworms: — 

On the 11th qf June, 1842, lightning fell on a farm-house at 
St. Jean-dii-Pin, near Alais, and severely hurt three persons 
• who happened to be in the building belonging to the establish- 
ment appropriated to silkworms. Neither the brilliant light, nor 
the noise, nor the sulphurous vapours, nor the smoke, nor the 
fulminating matter, did the least harm to the silkworms ; on the 
contrary, they appeared electrified in the conversational sense 
of the word, and went on working with redoubled activity. 

.1 might subjoin several instances in which vegetable life was 
promoted by the effects of lightning. I will give only one, of 
which I had myself the opportimity of ascertaining the reality. 

There existed a few years ago, between Tours and Rochc- 
mort, a chdteau, called Comacre, with an avenue of fifteen 
hundred, poplars. One of these was struck by JIghtning, which 
left evident marks of its action, both on the trunk of the tree 
and on the ground adjacent to it. From thenceforth the growth 
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of this tree became something quite peculiar ; the dimensions of 
its trunk soon surpassed those of any other tree in the avenue, 
to sucli a degree that the difference attracted the notice of the 
least attentive, and of those who were entirely ignorant of the 
event which had occasioned it. * 


CHAP. LIT. 

IS IT PROVED, AS MATTER OF PACT, THAT THE APPARATUSES CALLED 
LIGHTNING -CONDUCTOPtS HAVE PRESERVED THE BUILDINGS ON 
WHICH THEY HAVE BEEN ESTABLISHED FROM DAMAGE BY 
LIGHTNING ? 

From the manner in which the above question is framed, every 
one Avill at once have perceived that the intention in the pre- 
sent Chapter is to resolve it exclusively by mere facts, Avithout 
having in any way recourse to the deductions, highly simple, 
direct, and legitimate as they are, by which in recent pages the 
mode of action of the apparatuses in question has been made 
apparent, '^t'he facts wc ai*e about to offer will be taken from 
all countries, and Avill be numerous, because it is by their 
number that they acquire value and importance. Wc do not 
learn, cither from the Bible or from Josephus, that the Temple 
at Jerusalem was ever struck by lightning during an interval 
of more than a thousand years — from the time of Solomon to 
the year 70, — although from its situation it Avas completely ex- 
jioscd to the very frequent and violent thunderstorms of Pales- 
tine. Remembering the care Avith Avhich ancient nations re- 
corded strokes of lightning by which any degree of injury Avas 
done, — how often, for example, the Roman Annals mention 
the Capitol and other public buildings being struck by light- 
ning, — it appears natural to infer from this silence, Avith the 
Orientalist Michaelis, that the Temple did not receive any 
severe stroke of lightning in the course of ten centuries. The 
probability of the justness of this inference is much sti’cngth- 
ened by the circumstance that the Temple, being overlaid 
internally and 'externally with wood, Avould certainly have 
caught fire if struck by a violent thunderbolt. 

Supposing the fact to be thus Avell established, wc have next. 
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with MIchaelis and Lichtenberg, to seek a cause, and we find a 
very simple one. 

By a fortuitous circumstance the Temple was armed with 
lightning-conductors quite similar to those which we now em- 
ploy, and which -we owe to Franklin’s discovery. 

Tlic roof, constructed in what we now call the Italian manner, 
and covered with boards of cedar having a thick coating of 
.gold, was garnished from end to end with long, pointed, and 
gilt iron or steel lances, which Josephus said w'cre intended to 
prevent birds from resting on the roof and soiling it. The 
walls also were overlaid throughout their extent with wood 
thickly gilt. Lastly, there were in the courts of the Temple 
cisterns into which the rain from the roof was conducted by 
. metallic pipes. We have here both the lightning-rods and a 
supply of means of conduction so abundant, that Lichtenberg 
is quite right in saying that many of our present apparatuses 
are far from offering in their construction so satisfactory a com- 
bination of circumstances. 

The conclusion at which I arrive is, that the long Immunity 
enjoyed by the Temple of Jerusalem presents the most manifest 
proof of the efficacy of light ning-cond actors. 

In Carinthia, at the castle belonging to the Counts Orsini, 
the church, which is situated on a hill, was so often struck by 
lightning, and so many deplorable accidents had happened in 
consequence, that at last it was determined not to use it for the 
celcbi'ation of divine service during the summer months. In* 
the course of the year 1730, one single stroke of lightning 
entirely demolished the steeple. It was rebuilt, and subse- 
quently continued to be struck by lightning four or five times 
a year on the average, without counting some cases of extra- 
ordinarily violent thunderstorms, in which the steeple received 
five and even ten strokes of lightning in the course of a single 
day. After one such storm, about the middle of the year 1778, 
the building was again found so near falling that it was taken 
down and rebuilt ; and this time it was furnished with a pointed 
lightning-rod and a good conductor. Five years afterwards, i. e. 
in 1783, being the date of the note written by Lichtenberg 
from whicl)^ I take* these details, the steeple, instead of having 
been struck twenty or twenty-five times, had only been struck 
once, and even on that one occasion the metallic point had 
received the stroke, and no ham followed. 
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In the spring of 1750, lightning fell on the Dutch clock-tower 
at New York. It continued its course through several ceilings, 
running down the wire which connected the wheel-work with 
the hammer which struck the hours. As far as the wire 
extended, the lightning did no mischief to the building ; it did 
not even enlarge the apertures by which the wire passed 
through the ceilings, though they were only about half an inch 
wide. For the greater part of the distance, the wire was only 
diminished to two-thirds of its previous thickness, but its 
lower portion was completely fused ; and from thence the 
lightning*darted to the hinges of a neighbouring door, broke 
the door, and then dispersed itself. 

In 1753, lightning fell on the same steeple, and produced pre- 
cisely similar effects, although the wire communicating between 
the tongue of the bell and the wheel-work of the clock, had been 
replaced by a small copper chain. 

In 1755, a fresh explosion took place ; but now the rod of the 
weathercock communicated with an uninterrupted external iron 
conductor, which went down into the moist earth; and this 
time both the door and the wire of *tlie clock were quite un- 
touched ; the building also suffered no injury. 

From the time when it was first built, the church of Saint 
Micliael at Charlestown was visited and injured by lightning 
every second or third year ; at last, a conductor was placed 
upon it, and in 1774 Mr. Henley was informed from America, 
that during the course of the fourteen years whicli had elapsed 
since the erection of the apparatus, the church had not been 
once struck. 

In 1772, Toaldo stated, that the royal residence at Turin, the 
Valentino, had ceased to be struck by lightning since Beccaria 
had armed its principal pavilions with slender metallic rods, 
having attached to their lower extremities wires which went 
down into the ground. The castle had often sustained injury 
previously. 

The Campanile of St. l^Iark’s at V enicc, of which the con- 
struction goes back to a very distant date, is not less than 
340 feet high. The pyramidal elevation which rises from it, is 
90 feet high. The wliolc is surmounted by the figure of an 
angel made of wood covered with copper, and 10 feet high. 

The great elevation of this building, its insulated position, 
and, above» all, the multitude of pieces of iron in its construe- 
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tion, rendered it in a higji degree obnoxious to danger from 
lightning ; and, in fact, it has been frequently struck. Unfor- 
tunately the town registers do not mention all such strokes ; 
but, generally sj)caking, only those which entailed large ex- 
penses for repairs. The following is the list taken from the 
documents : — 

1388. 7th of June (no details given). 

1417. Pyramid burnt. 

1489. 12th .of August, Pyramid again reduced to ashes. 

1548. June (no details given). 

1565. (No details given.) 

1653. (No details given.) 

1745. 23rd of April, great damage done. Thirty-seven cracks threatened 
the fall of the tower. The repairs cost upwards of sixteen thousand 
pounds. 

1761. 23rd of April, damage not considerable. 

1762. 23rd of June, considerable damage. 

Im the beginning of the year 1776, a lightning-conductor 
was placed on the Cam 2 )anilc ; and I do not learn that, since that 
period, the edifice has ever been injured by lightning. 

The fine tower of Sienna was frequently struck, and on every 
occasion much damage was done. In 1777, it was provided 
with a conductor; and this had but just been effected, when on 
the 18th of Ajiril it received a fresh discharge. But this time 
no damage was done. 

I read in a memoir by Sir William Snow Harris, that six 
churches in Devonshire having tall stcejdes, were all struck by . 
lightning Avithin the short time of a few years ; but that one 
only among them escaped injury, being the only one which was 
furnished with a lightning-conductor. 

Geneva, is much cxjiosed to thunderstorms, nevertheless the 
towers of its cathedral — although the highest edifice in the 
town, and rising higher than any other object for a great dis- 
tance in the country around — have for two' centuries and a 
half ’enjoyed the privilege of not being struck by lightning, 
while the much lower steeiilc of St. Gervais has been repeatedly 
injured. 

Saussurc, as early as 1771, sought to discover the cause of 
this singular anomaly ; he found it in the accidental conductors 
with which the towers of the cathedral are furnished. The 
middle tower is nearly, three centuries old ; and said Saussure, 
" as it is constructed entirely of wood, it must always, as is still 
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the case, have been covered from top to bottom with tin ; now, 
it is easy to conceive that so considerable a mass of metal must 
always have formed an excellent conductor, and that its widely 
extended base might easily meet somewhere with some sub- 
stance to finish the communication.” Let us add, in order to 
complete the explanation of the illustrious physicist, that the 
communication with the ground was cfiected, in different 
degrees indeed, through the intermediation of all the materials 
at all parts of the edifice, and tliat the number supplied what 
might be wanting in intensity. Lastly, let us remark, that for 
more than a century, the pipes of lead or tin used for conduct- 
ing the rain-water below ground, have constituted a communi- 
cation more perfect, perhaps, than that of ordinary rods. 

The column called the Monument,” in the city of London, . 
Avas erected in 1677, by Sir Christopher Wren, in commemora- 
tion of the Great Fire of London. Its lieight is more than 
200 feet above the pavement in Fish Street. Its upper portion 
is terminated by a largo metallic basin filled with a number of 
metallic pieces, more or less contorted and spreading in different 
directions, and, as they are intended to represent flames, all 
terminate in very sharp points. Four upright iron bars 
descend from the basin to the gallery, and support the iron 
staircase Avhich terminates at the basin. One of these bars, 
which at its base is fully 5 inches broad and 1 inch thick, com- 
municates Avith the grappling-irons of the stairs which go down 
into the ground. Every one Avill see that Ave have here the 
multiple points Avliich have been spoken of previously as being 
used in some lightning apparatuses, combined with good con- 
ductors. I am not aAvare tliat in the interval which has 
elapsed since 1677, the Monument has ever been injured by 
lightning. 

The damage done to Strasburg cathedral by lightning, Avas 
formerly almost every year such as to occasion considerable 
expense. Since the ratlier recent period at Avhich it has been 
provided with a lightning-conductor, no damage has been sus- 
tained, and this item of expenditure has disappeared from the 
municipal budget. 

On the 12th of July, 1770, lightning fell at Philadelphia, at 
one and the same time, on a sloop not provided Avith a lightning- 
conductor, on two houses equally undefended, and on a third 
house which was furnished with such an apparatus. At all 
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these four points the detonation appeared tremendous. The 
tAvo first-named houses and the sloop were seriously injured; 
the house Avhich had a lightning-conductor remained perfectly 
unhurt ; only it was remarked that the point of the rod was 
melted for some way down. 

In 1813, in the month of June, at Port Royal in Jamaica, 
the ship Norge,” and a merchantman, neither being provided 
with conductors, were struck by lightning and much injured. 
The other vessels in the harbour, Avhich Avere very numerous, 
and amidst Avhich these two vessels Avere, sustained no injury : 
they were all provided Avith lightning-conductors. 

In January, 1814, lightning fell in Plymouth harbour. Of 
the numerous vessels stationed there, one only, the Milford,” 
was struck and injured, it was the only one Avhich at the 
moment was unprovided with a conductor. 

In January, 1830, in the channel of Corfu, three terrible 
strokes of lightning fell on the conductor of tlie English ship 
the ^^Etna.” The vessel suftered no injury. Two other vessels, 
the Madagascar ” and the Mosquito,” which were not far from 
the Etna,” Avere also struck. They had no lightning-con- 
ductors, and they sustained considerable damage. 


CHAP. LIII. 

DO LIGHTNING APPARATUSES HAVING SLENDER POINTED RODS 
ATTRACT THUNDERBOLTS ? 

I HAVE just proved that lightning does not damage buildings 
on Avhich it falls, Avhen they are provided Avith proper conductors. 
These apparatuses, if sufficiently multiplied, arc almost certain 
preservatives. I knoAV of no case in Avhich their efficacy has 
failed, in AAdiich there liaA^c not been immediately discovered 
palpable errors of construction ; I do not, hoAvever, Avish to 
affirm the occurrence of very rare exceptions to be absolutely 
impossible. Although there cannot remain any serious doubts 
or difficulties as to the existence of a poAverful action exercised 
by metallic rods, and especially by pointed rods, on the ful- 
minating matter, either Avhen contained in clouds or 'when it 
has already escaped from the cloud in the form of a zigzag flash 
of lightning, the case is different in regard to fulminating 
matter which may have assumed a globular form^ and apparently 
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have assimilated to itself ponderable substi^nces. These excep- 
tional cases, however, are so rare, that they do not deserve con- 
sideration in the point of view now under notice.. Indeed, it 
is not on this account that any scruples are entertained respect- 
ing the use of lightning-conductors ; but while not denying that 
they exercise influence, it is said that by their mode of action 
they attract the lightning and occasion it to strike house pro- 
vided with them oftener than it would have done it they had 
been absent. 

This opinion was maintained by Nollet in 1764 ; Wilson was 
also a warm supporter of it ; and as the protection from injury 
offered by the conductor was not deemed perfectly infallible, 
these two physicists considered that the multiplication of strokes 
supposed to result from the action of the point more than coun- 
terbalanced the good effects of the apparatus, which they 
inferred, therefore, to be more dangerous than useful. 

Some surprise will probably be felt at my affirming that there 
are in the writings even of the most declared partisans of 
Franklin’s invention, pretty evident indications of an opinion 
that lightning-conductors with pointed rods augment the number 
of strokes of lightning. But if this were not so, what “^vould 
be the meaning to be attached to the following precept of 
Toaldo ? — With respect to powder magazines we should keep 
on the defensive ; we should not place any points on the building, 
but content ourselves with bringing all the pieces of metal into 
communication with the conductor.” This prejudice prevents 
many persons from having recourse to lightning-conductors, by 
a sentiment analogous to that which would Induce them to keep 
at a distance from a thick parapet of earth, against which the 
fire of a battery should be incessantly directed, although the 
balls might always fall powerless against it. It is a prejudice 
however, which must be utterly done aw^ay with, if the facts 
reported in the preceding Chapter are examined with a little 
attention. 

We see in the case of the church in Carintliia there spoken 
of, an average • of four or five strokes of lightning annually, 
until, a conductor is established; and afterwards, one stroke in 
five years. 

In the church in Charlestown, the diminution is such, that 
in the course of fOur^en years there is not a single stroke of 
lightning recorded; whereas, judging by what took place before 



266 


METEOROLOGICAL ESSAYS. 


the establishment of a conductor, six or seven strokes should 
have been observed. 

At the Valentino palace, the lightning-conductors established 
by Bcccaria caused the entire disappearance of strokes of light- 
ning, which were previously of such frequent occurrence. 

The Monument in London, although only accidentally pro- 
vided with a virtual conductor, appears to have been exempt for 
nearly 180 years. 

In 1814, at Plymouth, among a great number of vessels in 
the port, one only is visited by a stroke of lightning, and it is 
the one which is unprovided with a conductor. 

Lastly, we have to describe a case, in which, according to 
Fontenelle’s expression. Nature is taken in the fact: — 

On the 21st of May, 1831, the Caledonia” was sailing in 
Plymouth Sound, when a very violent thunderstorm took place. 
From the town the lightning was seen to strike the water at 
very moderate distances from the ship ; it also fell on the 
shore and occasioned several accidents ; but amidst all this the 

Caledonia,” armed with its conductors, was never touched, 
and sailed with the same security as under a serene sky. 

The next fact is of rather a different kind. A country- 
house belonging to the family of the celebrated physicist 
Melloni, is situated near the village of Yallera, about two miles 
from the town of Parma ; the belvedere of this house is over- 
looked, at a distance of less than two hundred feet, by the tops 
of oaks, elms, and ash trees, and also by the tower of the village 
church. The inhabitants of the neighbourhood do not remem- 
ber either the house, the trees, or the church ever being struck 
by lightning prior to 1830, in which year a liglitning-conductor 
was erected on the roof of the belvedere. • In the summer of 
1831, however, lightning struck the conductor with such force, 
that the copper-gilt point, which was a pretty thick one, was 
entirely fused, and the conductor much shaken. 

. .Assuming the correctness of the belief entertained as to the 
previous absence of strokes of lightning, it may be said that 
the above account indicates that the metallic rod was the deter- 
mining cause of the stroke ; but, at any rate, it also shows that 
the apparatus, in which the ’conductor connected with the rods 
went down into a well always containing a certain quantity of 
Water,, answered its purpose perfectly, for the house received no 
kind of injury. 
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I have cited many cases, because in such questions numbers 
are essential. One or two facts, favourable or adverse, would 
have been of no importance. The cause of the curious in- 
fluence which, I think I have shown, is generally exercised by 
lightning-conductors in actually diminishing the number of 
strokes, (in addition to rendering those which fell harmless), 
Avill be easily perceived on referring ,to Beccaria’s experiments 
on the prodigious number of sparks which, during thunder- 
storms, the pointed rods on the Valentino silently withdrew 
from the clouds. However, whether clear or obscure in a 
theoretical point of view, the fact itself appears sufficiently 
established. . . 


CHAP. LIV. 

MEANS OP PROTECTING PROM STROKES OF EIGIITNINa SUCH BIONU- 

MENTS AS THE COLUMN OF THE PLACE VENDOME AND THE (5BELISK 

OP LUXOR. 

Tms question Avas warmly debated at the time when the 
obelisk of Luxor was covered in its upper portion with a small 
pyramid formed of a composition of artificial stone, intended to 
replace that which had been mutilated, either by the sudden 
action of lightning, ot by the slower action of other metoorolo- 
glcal agencies. 

I will give a very brief view of the arguments brought for- 
ward on each side. 

First, in regard to the column in the Place Vendome, This 
column is covered for its whole height with a thick metallic 
casing; it may, therefore, be itself compared to a lightning- 
conductor of colossal dimensions. Suj)pose lightning, to strike 
any part of the statue on the top, the fulminating matter w:ill 
be instantly dispersed over the whole of the metal of the 
monument, and the intensity will thus be diminished in an 
immense proportion. On reaching the base of the column, the 
current, now scarcely sensible, will find an amply sufficient 
outlet in the damp stones of the pedestal and the pavement of 
the square. In this particular case, the erection of an inten- 
tional lightning-conductor would be useless. 

We will now speak of the obelisk of Luxor. Suppose 
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there be substituted for the small pyramidal mass with whicli 
the obelisk has been surmounted^ a similar one of metal ; and 
that to each of its angles^ corresponding to those of the obelisk 
itself, there should be attached a metallic cord descending to 
the ground ; an arrangement which would in no degree impair 
or affect the monumental aj^pearance of the monolith, and would 
not conceal any part of the hieroglyphical inscriptions on its 
sides. In order to reply beforehand to all objections, suppose 
further that the four cords spoken of are prolonged through the 
masonry of the pedestal into the damp cartli ; in Jliis way, all 
the conditions of a good lightning-conductor will be satisfied; 
and it may be affirmed that the obelisk will be fully secured 
from injury by thunderstorms/ however violent. 

The adequacy of such an arrangement was not contested ; 
only it was said that the monolith might by its mass dispense 
with any artificial protection ; not reflecting that, even if the 
damage it might suffer were limited to the shivering off of some 
small fragment from this ancient monument, such an occurrence 
might be highly unfortunate both for art and for future archeo- 
logical studies. To reason from the mass of the obelisk that 
there is no danger, is to forget facts which science has recorded 
(as in the case of the rock, upwards of a hundred feet long and 
ten feet broad, torn up by a stroke of liglitning in Scotland, 
about the middle of the last century); and to set aside 
altogether the popular belief which, according to M. Mcrimcc, 
attributes to a stroke of lightning the fall and fracture of the 
fragments of the great Menhir of Locmariaker. It should be 
remarked that the joint weight of these two fragments is above 
246 tons. 


ciiap.lv. 

PHENOMENA PROPUCEr) BY ARTXFICIAB ELKCTRICITV, AN1> TIIKIR RE- 
SEMBLANCE TO rHENOMENA rilODUCEP BY FULMlNATlNO MATTER. 

Yellow amber, when rubbed strongly, attracts light bodies, 
such as down or light feathers, straws, and saw-duat. Theo- 
phrastus among the Greeks, and Pliny among the Romans, had 
remarked this property, but without appearing to attach to it 
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more importance than they would have done to any mere acci- 
dent of form or colour. They had no idea that they had thus 
actually touched the first link in a long chain of discoveries. 
They failed to recognise the importance of an observation from 
which the moderns have drawn a whole world of facts, as curious 
by their singular character, as they are important in the results 
which liave been deduced from them. They have been called 
electric phenomena, from the word electron^ by which the Greeks 
designated amber. 

Terrestrial substances or bodies may be divided into two 
classes, in respect to the possibility of developing electricity in 
them by friction. Thus glass, resin or sealing-wax, amber, 
&c. easily become electric by friction. Dufay, member of the 
Academy of Sciences at Paris, recognised that there arc essen- 
tial differences in electricity developed at the surface of glass, 
and that devcloj)ed under analogous circumstances at the sur- 
face of resins. The first of these electricities is called vitreous 
or positive electricity; and the second, resinous or negative 
electricity. 

Suppose a wand in which resinous electricity is dcveloj)ed, to 
be jdaced near another in wlijch vitreous electricity has been 
excited, and you will instantly see fire dart from the one wand 
to the other, with the remarkable peculiarity that the flash in 
question, instead of being in a straight Tine, affects a decided 
zigzag form. The same phenomena will present themselves, 
but with rather less intensity, when, the distances reinaining 
the same, a non-electrlfied wand is brought in presence of one 
cither positively or negatively electrified. 

If one of these >vands terminates in a point, and it is this 
point which is presented, to the electrified wandi the latter 
loses electricity ; but in this case the luminous manifestations 
are much less distinctly marked. AVe find all these same cir- 
cumstances, point by point, in the iihenomena presented by 
natural fulminating matter, or lightning ; as for example, in 
tlie experiment of Beccaria, related in p. 230., in which the very 
peculiar power of points is evidenced. 

By the aid of artificial electricity we are able to fuse metallic 
wires, of greater or less, length and thickness according to the 
strength of the machine employed. * 

These phenomena, viewed in combination and in their details, 
resemble perfectly the phenomena of fusion produced by ligKb* 
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ning, described with numerous details in the preceding Chapters 
(XVIIL XX. and XXL). 

A flash produced in a mass of air acquires exactly the same 
properties, whether it originates spontaneously in the fluid, or 
whether it arises from particular combinations; thus in both 
cases the same odour will be developed, the fusion operated 
will be the same, and the metallic plate struck by the flash will 
be equally perforated by one or by two apertures, &c. &c. 
There is only one circumstance in which the physicist cannot 
imitate Nature; — he cannot produce globular lightning — he 
cannot form those spherical agglomerations which move slowly 
and yet do not lose the property of fulminating. There is 
in this point an hiatus in science, which it would be very 
important to supply. Meanwhile, however, and whatever may 
be the result of investigations to be made on this subject, there 
is at the present time one fact whicli is perfectly well esta- 
blished, i. e. that ordinary electricity and artificial electricity 
are generally one and the same thing. 

M. Muncke relates, that an unusually strong man having 
accidentally received through his arm and chest, tlie charge of 
a battery of only six feet square, ©f surface, fell senseless, and 
remained in a state of complete insensibility for an hour. 

Franklin found that artificial electricity, accumulated in two 
jars of the capacity of about six galloUwS, is sufficient to kill a 
turkey. 

These two instances, regarded in connection with the nume- 
rous cases in which we have seen men and animals killed by 
the matter or substance of lightning, show the analogy, or 
rather, the perfect identity of the tw’o substances. 


CHAP. LVI. 

OP THE PART ASSIGNED TO THUNDER AND LIGHTNING IN THE 
ECONOMY OP NATURE. 

When ^ we spoke in Chapter XVII. (p. 65.) of the chemical 
modifications which lightning impresses on atmospKIrIc air, 
we said that the experiments of Cavendish, executed on a 
small scale in the laboratory, on the production of nitric acid 
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from the nitrogen and oxygen of the air combining under the 
influence of electricity, give reason to suppose that lightning, 
in traversing vast extents of atmosphere, may produce the same 
acid. We added, that some analyses of rain which had fallen 
during thunderstorms, made by Liebig, had shown the truth of 
this conclusion. More recently, M; Barral having analysed, 
month by month, the water ^collected from^ all the rains which 
liad fallen during two years at the Observatory at Paris, has 
given a higher idea of the important part performed by the 
matter of lightning in its passage through the regions of the 
atmosphere. M. Barral constantly found nitrate of ammonia in 
the rain-water furnished by each separate month of the two 
j-cars, including some months in which there was no thunder at 
Paris. This result is no way opposed to the electric origin of 
nitrate of ammonia * ; for it follows from the' results collected 
in an earlier part of the present volume, that there is probably 
not a single day in tlie year on which tliere have not been 
thunder and lightning in some part of the globe. Now, the 
clouds which dissolve in rain at Paris, have passed over regions 
of whicli we have no right to limit the extent. When we con- 
sider the important office whicli ammoniacal salts perform in 
vegetation, we may not be far from thinking that the explana- 
tion of the benefit of fallows is connected with the passage of 
the matter of lightning tlu’ough the atmosphere, whether it is 
disengaged slowly without giving out light or visible sparks, or ' 
whether it is accompanied hy thunder and lightning. 

We have seen that there are localities where thunder is much 
more frccpient than at. other phices not far distant from them. 
It is also known that natural deposits of nitre, and of saltpetre 
in caves, are only met with in particular soils. It would be 
interesting to* examine whether places where saltpetre forms, 
in soils which contain the alkaline earths necessary to its com- 
position, arc not under some special conditions relatively to thd 
disengagement of atmospheric electricity ; so that, for example, 
thunder and lightning may take place there with exceptional 
frequency or violence. 

* Ammonia, which, as is well known, is formed of hydrogen and nitrogen, 
may itself , proceed from the same electric cause, which in decomposing at- 
mospheric air^ would yield hydrogen in the state which chemists call nascent^ 
and which' is especially well suited for its cbmhination with the nitrogen of 
the air. ' 
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CHAP. LVIL 

ON THE THEORY OF LIGIITNitfG. 

We tliink wc have been able to show the identity of the com- 
mon electricity of our laboratories with atmospheric electricity. 
But there remains to be explained from whence is derived the 
immense quantity of fulminating matter which circulates so 
abundantly during thunderstorms through all bodies, and which 
accumulates in certain clouds to explode from them with such 
various effects. This subject is worthy of the attention of 
all friends of science, and wc have never failed to place it 
among the objects to be more especially regarded in instructions 
given to voyagers and travellers, and to meteorologists. In the 
course of the present notice, I have been careful to call atten- 
tion to numerous points of the globe at which a greater number* 
of observations are much needed. I will only add here an indi- 
cation of some particulars which we deemed it proper to recom- 
mend both to the officers of the Bonite,” in her voyage of 
circumnavigation performed in 1836 and 1837, and to the sci- 
entific expeditions to the North Cape and Iceland, and to 
Algeria. 

§ 1. Places where it never thunders. 

I have said that there are probably parts of the ocean where 
it never thunders. ' In Norway it is asserted, that thunder- 
storms become more rare in receding from the sea-coast. Some 
travellers even consider that there are notable differences, in 
this respect, between the entrance and the bottom of the great 
fiords by which the country is intersected. The subject is 
well deserving of the attention of meteorologists. 

§ 2. Electricity near Cascades. 

In 1786, Tralles found near the Staubach, that the exceedingly 
minute rain which detached itself from the Fall, gave evident 
signs of negative electricity. The Reichenbach Pall presented 
the same phenomena. Volta, a short time afterwards, verified 
the exactness of Tralles’s observation at the Pissevacbe, and 
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also at many’ minor cascades, wherever the fall of water, how- 
ever insignificant, gave occasion to the dispersion of minute 
drops of spray carried away by the wind. In all these cases 
Volta, as Tralles had done, found the electricity, as it appeared 
to him, negative. . 

At first the Berne physicist attributed the electricity of the 
fine spray or aqueous dust which surrounds all large waterfalls 
to the friction of the minute droplets upon the air. Soon after- 
wards he recognised with Volta the evaporation, which these 
droplets undergo in falling, as being the true cause of the elec-^ 
tricity. This explanation has been combated by Professor 
Belli. Without' denying that the evaporation may have some 
effect on the phenomenon, Mr. Belli attributes the principal 
share in its production to the action which the electricity of the 
atmosphere must be supposed to exercise on running water. 
He says the water will be, by influence or by induction, in a 
negative state whenever the atmosphere is charged with positive 
electricity, as is ordinarily the case. At the instant when this 
water separates into thouvsands of minute drops, it cannot fail to 
carry to the objects with wdiich it may come in contact, the 
electricity which the induction from the atmosphere has given 
to it.* 

Professor Belli’s theory admits of a test which will at once 
demonstrate its correctness, or the contrary. If it is correct, the 
electricity of the cloud with which waterfalls are surrounded 
will not always have the same sign ; it will be negative If that 
of the atmosphere is positive, and, on the other, hand, wdll be 
found to be positive when the clouds may be negative. It 
must, therefore, be by means of observations made during 
stormy, and not during serene, weather, that we shall be enabled 
to choose between the theory of Volta and that of Belli. 

§ 3. Explanation of the removal of bodies occasioned fy lightning. 

We have had occasion to cite in a previous Chapter some 
experiments by M. Pusinieri,, who has studied the effects of 
thunder and lightning under an entirely novel point of view. 

According to^this physicist, the electric sparks which proceed 
from, ordinary machines, and which we see traverse the air, con- 
tain brass in a state of fusion and incande*ent molecules of 
zinc when they emanate from a brass conductor, and injike 
manner they contain impalpable particles of silver when they 
; * T 
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proceed from a silver ball. In the same way a sphere of gold 
produces sparks, which, in passing through the atmosphere, 
contain gold in a state of fusion, &o. &c. 

In the centre of all these sparks there are molecules whicli 
are only fused, but on the external contour the metallic par- 
ticles undergo a more or less powerful combustion from their 
contact with the oxygen of the atmosphere. 

When a spark proceeding from a gold ball traverses a plate 
of silver, even though it may be a pretty thick plated there arc 
perceived on both surfices of the latter, at the points where 
the electric jet enters and issues, a circular layer of gold, which 
must no doubt be of very small thickness, since, after some 
time, the natural volatilisation suffices to cause it to disappear. 
According to Fusinieri, these two metallic stains or layers are 
fonned out of the gold in a state of fusion contained in the 
electric spark. There would be nothing extraordinary in this 
being the case Avith the stain on the first surface where the jet 
enters ; but if we adopt this explanation for the stain formed on 
the further side where the jet issues forth again, we shall be 
obliged to admit that the gold disseminated in the primitive 
spark has, at least in part, traversed, in association Avith the 
spark, the Avhole thickness of the silver jJate. 

It is scarcely necessary to add that a spark coming from a 
copper ball gives occasion to analogous phenomena. 

Not only does a spark Avhich emanates from a particular 
metal, in traversing another metal, part Avith a portion of the 
molecules with which it Avas first charged, but it moreover takes 
up from the second metal fresh molecules. Fusinieri even 
affirms that at every passage of the spark there are effected 
mutual exchanges betAveen the tAvo metals which arc in pre- 
sence ; that if, for example, the spark goes from silver to copper, 
there is not only a transfer of the silver on to the copper, but 
also a transfer of the copper on to the silver. I will not insist 
further on these phenomena, which, indeed, I have only cited 
in' this place with the vicAV of showing that the sparks of our 
ordinary electrical machines contain ponderable substances. 

Fusinieri believes that similar substances exist in lightning, 
and that they cx^t there also in a state of great subdivision of 
ignition and of combustion. According to this physicist, these 
transported substanjpes are the true cause of the transient odours 
left by lightning whereycr it explodes, as well as of the pul- 
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verulent deposits whieh are found around the fractures through 
which the electric matter has forced a passage. In these de^ 
posits, which have been too little regarded by observers, 
Fusinieri has found metallic iron, iron in different degrees of 
oxydation, and sulphur. The ferruginous spots or stains left on 
the walls of houses might, perhaps, be supposed to be derived 
from the iron which the lightning might have taken up from 
the portions of that metal always found in buildings ? but what 
can be said of the sulphurous stains on the same walls, and still 
more, of the ferruginous stains on trees wdiich have been struck 
by lightning in the open country? M. Fusinieri therefore 
thinks himself justified in inferring from his experiments, that 
at all elevations, or at least up to the height of storm-clouds, 
tlie atmosphere contains iron, sulphur, and other matters of 
which chemical analysis has not yet determined the character, 
and that these substances are taken up by the electric spark 
and brought by it to the surface of the earth, where they form 
extremely thin and minute deposits around the points which 
arc struck by the lightning. 

Assuredly this new mode of regarding electric phenomena 
is well deserving of being followed up with all the exactness of 
which the present state of science is susceptible. All persons, 
therefore, who may sec lightning strike an accessible point 
will do a very useful thing by carefully collecting the matter, 
black or coloured, which tlie electric fluid api)ears to have 
deposited in those parts of its course where abrupt changes of 
velocity must have taken place. A scrupulous chemical ana- 
lysis of these deposits may lead to unexpected and highly 
important discoveries. 
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CHAPTER L 

ON THE RESEARCHES MADE IN FRANCE WITH THE VOLTAIC PILE. 

The first few words written by me on electricity, were sug- 
gested by^a passage in the Bibliotheque Universclle de 
Geneve,” on the occasion of the galvanic experiments of Mr. 
Children ; and were inserted in the Annales de Chiniie et de 
Physique” for 1816. I repeat them here, for the sake of 
showing how unfounded was the reproach addressed to a great 
nation such as Franee, of having neglected to derive from new 
discoveries tlic advantages they were capable of affording for 
the continual advance of science. 

The editors of the ^ Bibliotheque Universelle,’ in their 
February number for 1816, have prefixed to the account they 
have given of the galvanic experiments which Mr. Children 
has published in the last volume of the ^ Philosophical Trans- 
actions,’ a i)aragrapli to the following effect : — ^ 

* A rather considerable sum was granted in France, a few 
‘ years ago, for the construction of a voltaic apparatus, to bo 
^ placed at the disposal of the most skilful chemists. Much 

* might have been hoped for from such an endowment, but its 

^ effect seems to have been limited to the kind of moral galvanism, 
^ or action bn public opinion, so much aimed at by the then liead 
^ of the French Government/ &c. ^ We have not heard that 

^ science has reaped any more advantage from it, than industrial 
‘ art has done from the million promised to the inventor of the 
‘ best spinning machine for hemp or flax. It is not from without, 

^ — from any such external stimulus, — that one can look for the 
^ vivifying principle by which genius acts, and discoveries are 
' made ; it is in the mind, the personal character of the indivi- 

* dual, that this sacred fire/ &c. &o. ^ Thus, a private individual 
^ in London, Children,’ &c. &c. 

• T 3 , 
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In this passage, the experiments of Gay Lussac and The- 
nard, to whom the great pile of the Ecole Polyteohnique was 
confided, are totally ignored. The new title given to the 
journal Bibliothfique Universelle^ previously ^ BibliothSquc 
Brittanique might have led to the hope of greater impar- 
tiality and more general knowledge. Since, however, its editors 
have never heard that science had derived any advantage from 
the apj^aratus in question, I have the pleasure of calling their 
attention to a work in two volumes, published in 1818, by 
* IMessrs. Gay Lussac and Thenard, entitled . * Rechcrches 
physico-chimiques faites sur la Pile,’ and of pointing put to 
them a very long chapter which it contains on the causes which 
occasion the energy of a galvanic battery to vary ; the measure 
of its effects; the influence exercised by diffe^nt liquids 
employed in the troughs, or in the receiver ; the variation of 
intensity dependent on the number and surface of the plates, 
&c. It is not for me to assign the degree of merit which apper- 
tains to tJiesc researches, but I may say that I have no doubt 
that the editors of the journal would have better satisfied the 
wishes of their readers in all* countries, if they had substituted 
for the paragraph which has called for these remarks some 
details, on the effects to be cxi)ected from piles of large dimen- 
sions ; on the circumstances of construction wliich render them 
suitable to produce such or such phenomena; on the length of 
time during wlijcli their effects last ; the expenses of maintain- 
ing them in action, which arc considerable ; the small quantities 
of re-agents which they furnish, &c. &c. ; and if they had re- 
called the fact, that, under some circumstances, the .well-directed 
action of ordinary chemical agents produces effects which cannot 
be obtained by galvanism ; and here it would have been natural 
to have introduced a notice of the unsuccessful attempts made 
by the celebrated Davy to decompose boracic acid by means of 
the pile, and of the purely chemical proceedings which con- 
ducted Gay Lussac and Thdnard to success in that important 
discovery, &c. Since it was considered that Mr. Children’s 
interesting memoir could not dispense with a preamble, it would, 
I think, have been an act of simple justice to have noticed, that 
the influence of large surfaces in the elements of the pile had 
been already polluted out and appreciated in France, more than 
ten years before, in a memoir by Messrs. Thfinard and Hachettc, 
of which an extract was printed in the eleventh cahicr of the 
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^Journal de PEcolc Poly technique,’ &c. The examination of 
all these questions would, it is true, have required some labori- 
ous research; but it is but right that those, who assume a sort of 
magisterial office on subjects of science, should take the pains of 
studying those subjects,^ and should not distribute praise and 
blame merely according to what they happen to learn by ^ hear- 
say.’ I am also somewhat tempted to ask the editors where 
they heard that the study of physical science had fallen into 
great disrepute in France (vide No. 2. p. 85.) ; but at present I 
will only assure them that they are ill-informed in supposing that . 
no useful result has been gained by the labours of those of our 
mechanicians who have occupied themselves with the spinning 
of flax. M. Molard, whose authority I am sure they would 
admit, would have given them more correct information on this 
subject.” 

The success of the efforts of Philippe do Girard for this 
object is at the present time well known. In regard to the 
employment of the voltaic pile, is it not in France that almost' 
all the phenomena which enable us to reduce magnctical laws to 
those of electricity have been recognised ? May not Ampere be 
said to have created the science of electro-dynamics ? 


CHAP. IT. 

MAGNETISATION OF IRON AND STEEL BY THE ACTION OF THE 
VOLTAIC CUIUIENT. 

In the reports of the meetings of the Bureau des Longitudes, 
there is the following notice, dated 20th September, 1820: 

M. Arago spoke of a new experiment, from which it follows 
that the Voltaic pile imparts magnetism to soft iron,” 

On the 25th of September, 185o, I gave an account of my 
experiments to the Academy ; this being several months before 
Si^ Humphry Davy read a memoir on the subject to the Royal 
Society of London. The Moniteur spoke of the discovery 
which I had made in the following terms : — 

M. Arago announces having remarked that the connecting 
wire which establishes the communication between the two 
poles of Volta’s pile takes up, and becomes charged with, iron 
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filings^ as a magnet would do. It follows that this wire does 
not act solely on needles already magnetised, but that it also 
devclopes magnetism in Iron not previously magnetised. Thus 
compass needles not yet magnetised are deflected, or drawn 
aside, by the action of the connecting wire.” 

My experiments had for their point of departure the brilliant 
discovery of Oersted, which was communicated to me in 1810, 
at Geneva, by Pictet. This discovery, however singular its 
results might appear, could not leave any doubts in the mkids of 
philosophers; nevertheless, I was very happy to profit by the kind 
offer of M. dc la Hive (who has himself discovered some curious 
phenomena with the powerful Voltaic piles in his possession), and 
to assist at the verification which he made in his laboratory at 
Geneva of Oersted’s experiments, in presence of Messrs. Prevost, 
Pictet, de Saussiirc, Marcet, dc Candolle, &c. I was thus 
enabled to convince myself of the exactness of the principal 
results obtained by the Danish philosopher, viz., 1st, that a 
metallic wire in communication with the two poles of the pile 
acts on a magnetised needle. 2ndly, that the nature of this 
action depends, if not on the position of the pile, at least on the 
direction in which the j)ositive and negative fluids move in the 
conducting Avirc relatively to the poles of the needle. Srdly, 
that if the conducting ivire is placed below the needle^ it produces 
a deviation in the opposite direction to that which it produces 
when it is above the needle. In performing the experiments M. 
de la Rive sometimes kept the needle alone beneath the 
receiver of an air-pump, and sometimes placed both the needle 
and the conducting-wIrc under the receiver : the results Averc 
always the same. 

Oersted had only discovered the action exercised by the 
Voltaic current on a needle Avhich had been previously magne^ 
tised. In repeating the experiments of the Danish physicist, I 
recognised that the Voltaic current also occasions a strong de- 
velopment of magnetic virtuTid iron or steel which was pre- 
viously quite destitute of it. , I explained my discovery in 1820, 
in the Annales de Chimie et dc Physique ” (vol. xv. p. 94. et 
seq.) in the following manner : — 

I said I will report the experiments which establish this 
result nearly in the order in which they were made. 

Having adapted, a rather fine cylindrical copper wire to one 
of the poles of the Voltaic pile, I remarked that the instant the 
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wire was in oommTjnicatJon^with the opposite pole it attracted 
soft iron filings as a magnet would have done. 

The wire being plunged into the filings, drew them to 
itself equally all round until by their addition it had become 
almost the size of an ordinary quiU. 

The moment the wire ceased to be in communication with 
both the poles of the pile at the same time^ the filings detached 
themselves from it and fell off. 

These ^effects did not depend on any previous magnetisation 
of the filings, since soft iron or steel (not in communication with 
the poles of the pile) did not attract the slightest portion of them. 

As little could the effects be explained by attributing them 
to any ordinary electric action ; for on repeating the experiments 
with filings of copper or of brass, or with saw -dust, these sub- 
stances are in no case found to attach themselves to the connect- 
ing wire in any sensible manner. 

The attraction which the connecting wire exercises on iron 
filings diminishes very rapidly as the action of the pile becomes 
weaker. Possibly it may hereafter be found that the weight 
of the quantity of filings lifted by a given length of wire may 
afford a measure of the energy of the pile at the different epochs 
of the same experiment. 

The action of the connecting wire on iron is such as to be 
exercised at a distance, for it is easy to see that the filings are 
lifted much before the wire is in contact with them. 

I have thus far spoken only of a wire of copper or brass, 
but wires of silver, platinum, &c., give analogous results. It 
would still remain to be examined whether with the same form, 
mass, and diameter, wires of different metals would act with 
exactly the same degree of intensity. 

The connecting wire only imparts a momentary magnetism 
to soft iron ; if small particles of steel are used they sometimes 
become permanently magnetised. I have even succeeded 
in this manner in rendering a sewing needle permanently 
magnetic.” 

The connecting wire is, as we see, endowed with a very 
intense magnetic virtue so long as it is in communication with 
both the poles of the pile. It has more than once happened to 
me to find in it some traces of this property for some moments 
after the communication between the poles has been completely 
broken ; but this is a very fugitive phenomenon, and I have 
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not been able to reproduce it at will. M. Boisgiraud, who has 
occupied himself with the same question^ has not been more 
fortunate, although in one particular case the platinum wire 
which he was employing preserved sufficient force, after having 
been quite disjoined from tlie pile, to support a small sewing 
needle. 


CHAP. III. 

MAGNETISATION OV A NEEDLE BY MEANS OF THE PASSAGE OP THE 
ELECTlllO CUEKENT IN A HELIX. 

Ampere, to whom I showed the experiments related in the 
last Chapter, had just made the important discovery that two 
rectilinear and parallel wires, along which two electric currents 
are passing, attract each other when the currents are moving 
in the same direction, and repel each other when the currents 
are moving in opposite directions. He had, moreover, deduced 
therefrom, by analogy, the inference that the attracting and 
repelling properties of magnets depend on electric currents, 
which circulate around the molecules of iron or of steel in a 
direction perpendicular to the line joining the two poles of tlic 
magnet. Ampere further supposed that in a horizontal needle 
pointing towards the north, the current in the uj^per part moves 
from west to east. These theoretical views instantly suggested 
to him the thought that a stronger degree of power would be 
obtained by sul^stituting for the straight connecting wire which 
I had employed, a wire coiled as a helix in the central cavity 
of which the steel needle should be placed ; he hoped, moreover, 
that there would thus be obtained a constant position of the 
poles, which would not be the case in my method. We both. 
Ampere and myself, submitted these conjectures to the test of 
experiment, in the following manner: — 

A coil of copper wire forming a helix, wavS terminated at the 
two ends by straight portions, Avliich could be adapted at plea- 
'Sure to the two opposite poles of a powerful horizontal voltaic 
pile. A steel needle, wrapped in paper, was introduced into the 
cavity of the helix, but only after the communication between 
the two poles had been established, in order that it might not 
be possible to attribute the effect which was expected, to the 
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electric discharge, which manifests itself at the instant when 
the connecting wire is brought into contact with the two poles. 
During the course of the experiment, the portion of the wire 
within which the steel needle was enclosed, was' kept always 
perpendicular to the magnetic meridian; so that there w'as 
nothing to be apprehended from the earth’s action. 

The result was, that, after remaining within the helix for 
some minutes, tlie steel needle had become pretty strongly 
magnetic ; and, at the same time, the position of the north and 
south pole's was perfectly conformable to the result which 
Ampere had deduced beforehand, from the arrangement of the 
helix, and from the hypothesis that the electric current passes 
along the connecting wire by proceeding from the zinc to the 
copper extremity of the jillc. 

It would seem, then, to be proved by these experiments, that 
if a steel wire is magnetised by a galvanic current, which passes 
along it longitudinally, the position of the poles is not deter- 
mined solely by the direction of the current ; and that slight, 
and almost inappreciable, circumstances — such, for instance, as 
a feeble commencement of magnetism, or a slight irregularity 
of form or texture, may quite change the results ; but that if 
the galvanic current circulates round the steel along the spires 
of a helix, it will always be possible to say, beforehand, where 
the north and south poles will be found to have placed them- 
selves. 

On reflecting, however, on the singular discordances which ex- 
periments of magnetisation by electric discharges have presented 
to physicists who have occupied themselves with these researches, 
it appeared to me to be necessary to submit the phenomena of 
currents in helices to more decisive tests. The reader will 
judge whether we attained this object. 

I first thought of forming two symmetrical* helices of copper 


* These symmetricfil helices are like those which botanists denominate 
dextrorsurtif or ri^ht-handed, and sinistrof'siim, or left-handed. Their dia- 
meters are equal, and the spirals of which they consist are inclined at the 
same angles, but they never can be superposed in whatever manner they 
may be presented to .each other ; so that no reversal can dccasion them to 
change their kind. The right-handed helix is that which we see in nature 
in a great number of climbing plants : it is also almost the only one em- 
ployed in the arts. 

A cylinder of steel which is enclosed in a right-handed helix acquires an 
austral polo (meaning thereby the pole which points* towards the north), on 
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wire, separated by a rectilinear portion of the same wire. The 
coils or spirals of one of these helices turned in one direction, 
and those of the other in the contrary direction, but the inclina- 
tions were the same in each helix, and the diameters were equal, 
about two English inches. A thin steel cylinder or wire, en- 
closed in a small glass tube, was placed inside the first helix. I 
afterwards placed another cylinder or wire, perfectly similar to 
the first, and similarly protected from any electric discharge by a 
glass casing, in the adjacent helix ; a small end of the copper 
wire established a constant communication between this latter 
helix and the positive pole of the pile. In order to commence 
the experiment, therefore, it was only necessary to attach to 
the negative pole the wire which proceeded from the extremity 
of the second helix. The moment this communication was 
formed, the electricity accumulated at the positive pole of the 
instrument, flowed off by. the straight portion of the connecting 
wire, reached the first helix, gradually followed all its coils, 
arrived at the second helix by the straight piece of wire" between 
it and ih^ first helix, and having passed along the coils of the 
second helix, went to the negative pole. Therefore the tw'o 
steel cylinders were each subjected, during the experiment, to 
the action of a galvanic current of the same degree of strength ; 
this current Avas moving bodily in one direction only, but 
-whereas it circulated from left to right round the first cylinder, 
the same movement was executed from right to left round the 
second cylinder. Now, in all the experiments of this kind 
which we made in Amjiere’s cabinet, Avith a pretty strong pile 
which he possessed, this simple change in the direction iii 
which the current circulated around the steel cylinders, was 
sufficient to occasion a complete inversion of the poles ; so that 
the two cylinders enclosed in the tAVO symmetrical helices 
were, at the same instant, magnetised in opposite directions. 

the negative, or copper, side of the connecting wire ; whereas the same pole 
will be formed on the positive, or zinc, side, if a left-lianded helix is cm- 
ploj^cd. These results are in conformity with Ampere’s theory. 
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CHAP. IV. 

CONSECUTIVE POINTS PRODUCED IN MAGNETISING STEEL CYLINDERS 
BY CURRENTS CIRCULATING IN A HELIX. 

I COILED copper wire for a length of two inches from right to 
left into a helix; then an equal length of wire in the same 
manner from left to right ; and, lastly, a similar quantity again 
from riglit to left. Tlicsc three helices were separated from 
each other by rectilinear portions of the same wire. 

One and the same steel cylinder of a suitable length, and of 
rather more than *04 of an inch diameter, and enclosed in a 
glass tube, was inserted in tlic three helices at once. The 
galvanic current, in passing along the coils of these different 
helices, magnetised the corresponding portions of the steel 
cylinder as if they had been detached and separate from each 
other : for I remarked that at one of the extremities there was 
a north polo ; at two inches distance a south pole ; farther on a 
second south pole, followed by a north pole; lastly, a third 
north polo, and, two inches farther on, or at the other extremity 
of the cylinder, a south pole.. Thus, by this metliod, the 
number of these intermediate poles, wliich pliysicists have de- 
nominated consecutive points, could be multiplied at pleasure. 

I ought to remark, however, that in general in these experi- 
ments the influence of tlic helices is exercised, not only on the 
portions of. the steel wire or cylinder enclosed in them, but also 
on the adjacent portions ; so that, for example, if the intervals 
comprised between the consecutive helices are small, the parts 
of the steel wire, corresponding to those intervals, will them- 
selves be magnetised, as if tlie movement of rotation impressed 
on the magnetic fluid, according to Ampere’s idea, by the in- 
fluence of a helix, was continued beyond the extreme spires of 
the coil. 

Having sought to discover what were the circumstances 
wliich caused the position of the poles to vary when steel wires 
or cylinders were passed over longitudinally by a galvanic cur- 
rent, I found, invariably, even with a very active pile, that if 
the connecting wire is perfectly straight, a. steel cylinder placed 
over it received no magnetism from it. The sewing needle 
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which I had employed in my first experiments had, it is true, 
acquired poles ; but at that time the dependence of the effects 
on the form of the connecting wire was not known ; and, for 
the pur[)ose of keeping the needle in its place more easily, I 
had rolled the wire a little round its extremities, thus forming 
a coil. 


CHAP. V. 

ON THE PlllNCIPLE OF ELECTRIC TELEGRAPHS. 

It has been seen above that, in 1820, immediately after the 
publication in Prance of Oersted s Memoir, I proved tliat the 
connecting wire develops magnetism in cylinders of wires of 
iron or steel without being in contact with them. 

For this to be effected the wire must be placed transversely 
to the current. 

I may add here that Ampere and I assured ourselves that 
the magnetism developed by the connecting wure is very 
strong where it is made to circulate round a spiral coiling at a 
distance, and several times, round the wire which it is desired 
to magnetise. 

Although the experiments which established the correctness 
of this result were made conjointly by my friend and myself, 
yet I must declare tliat it was Ampere who, guided by his 
theoretical ideas, conceived the possibility of this augmentation 
of force. 

The momentary development of magnetism in a mass of soft 
iron, by the action of the voltaic current, is the. principle on 
which the mode of action in the greater number of electric 
telegraphs rests. 


CHAP, VI. 

projected EXPERIMENT ON THE MAGNETISM OP ELECTRIC LIGHT. 

At the conclusion of the preceding memoir on the magnetisa- 
tion of iron and steel by the action, at a distance, of the voltaic 
current, I made the following remarks : — 
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There is at the Royal Institution of London a voltaic jule 
of 2000 pairs of plates of four inches square. By the use of 
this powerfiil apparatus Sir Humphry Davy has found that an 
electric discharge is produced between two charcoal points fitted 
to the extremities of the positive and negative conductors, even 
when these points' are disfavnt from each other two or three- 
hundredths of an inch.. The first effect of the discharge is to 
bring the charcoal to a red heat ; as soon as the incandescent 
state is established, the points may be gradually removed to a 
distance of four inches apart without the intermediate light being 
interrupted. This light is extremely vivid, and broader in the 
middle than at its extremities : it has the form of an arc of a 
circle. 

“ The experiment succeeds better in proportion to the rare- 
faction of the air. Under a pressure of a quarter of an inch 
the discharge from one charcoal point to the other commenced 
at a distance of half an inch; afterwards, by gradually moving 
the points further apart, Sir Humphry Davy obtained a con- 
tinuous purple flame seven inches in length. 

“ It is no doubt very natural to suppose that an electrie 
current alone will act on tlie magnetic needle quite as if it was 
moving along a connecting metallic wire. Nevertheless, it seems 
to me, that an actual experiment on the point deserves to be 
recommended to physicists who have very powerful voltaic piles 
at their command, particularly on account of the views it may 
suggest relatively to auroras. Moreover, independently of all 
immediate application, .would not the production, in a vacuum, 
or in very rarefied air, of a flame, which acting on the magnetic 
needle should be alternately attracted or repelled by the poles 
of a magnet, be a phenomenon well worthy of attention?” 

The experiment which I thus commended to the attention of 
the scientific world was made some time after the publication 
of the above note by Davy, and was subsequently repeated, 
with particular" care, by M. de La Rive, of Geneva, who thinks 
that the magnet, when placed in presence of the luminous arc, 
does not repel or attract the electric current itself, but only the 
particles of carbon which arc transported from one pole to the 
other, and are traversed by the current. 
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CHAP. VII. 

BIAGNETISATION BY^THE ACTION OF ORDINARY ELECTRICITY. 

The Report, or ^^proces verbal,” of the meeting of the 
Academy of Sciences of tlie Oth of November, 1820, records, 
that I announced verbally that I had produced, by the em- 
ployment of ordinary electricity, all the jdienomena of magnet- 
isation, which I had jireviously observed with voltaic electricity.” 
The ^^Monitcur” of the 10th of November mentions my ex- 
periments in the following terms: — 

M. Arago announced that he had magnetised steel wires, 
by placing them, enclosed in glass tubes, within helices of wire 
along which electric sj^arks w^erc made to pass ; thus presenting 
a fresh analogy between the modes of action of ordinary and of 
voltaic electricity. In this experiment, the north and south 
poles were formed at the one or the other extremity of the 
wires, according to the direction of the current, and that of the 
coils of the helix. M. Arago produced as many consecutive 
points as he made changes In the direction of the lielix rela- 
tively to the length of the wire, just as he had before done when 
using the voltaic pile. He, moreover, remarked, that the helix 
ceased to exercise any action on the steel wire when the latter 
was placed outside the helix, even when in contact with it.” 

It will be seen that these phenomena, in which magnetisation 
is obtained by action at a distance, arc to be carefully distin- 
guished from the experiments, which did not yield accordant 
results, which were formerly made by Wilke*, Franklin f, 
Alibard^, Beccarja§, Yan Swinden||, and Van MarumlT, on the 
magnetisation of steel needles, through which they caused the 
spark to pass. 

* Memoires de TAcademie de Swede, tome xxviii. 
f Franklin “On Electrieity,” &c. p. 91. edit, of 1769.' 
j “ Experiences sur rElcctricite,” traduites par d’Alibard, tome ii. p. 
135. 144, 145. 

§ Beccaria, “Dell Electricismo Artlficiale,” §§ 731, 732, 733. 
f| Van Swinden, “ Analogic de TElcctricite et du Magnetisme,’* tome i. 
f). 49St, et seg. * v 

Tf Van Mamm, “Description d’une tr^s. grande Machine Electrique,” 
&c., tome i. p. 168, etseg: 



Franklin speaks of the magnetisation produced by the elec- 
tric discharge, in a letter dated 27th of July, 1750. He used, 
in these experiments, sewing needles, through which he passed 
the discharge proceeding from four large glass jars. His results 
were the following : — 

With a given discharge, most magnetism is obtained when 
the needle is placed north and south, and the minimum when it 
is east apd west. 

If the needle is placed east and west at the moment of the 
discharge, the end by which the electric fire enters will turn to 
the north when the needle is suspended. 

If the needle is placed north and south at the moment of the 
discharge, its north end will still be to the north when it is 
suspended, whether the spark entered at that end or at the 
opposite extremity. 

If this last result w'cre correct, clc(‘tricity could never change 
the poles of a compass needle when it is in its natural position. 
We know, however, that lightning does produce that effect. 

In the notice on Thunder and Lightning (chap. xxv. p. 91.), 
I spoke of magnetisation by lightning. I will add here two 
facts which were not mentioned there. 

Lightning fell on a clockmaker’s shop at St. Andre, in 
Dauphinc, in August, 1739, and broke a file into two pieces 
four inches from the end, so that there still remained seven 
inches of it in the handle. The j)art detached had become 
sufficiently magnetic to lift up keys, and to communicate mag- 
netism to a knift. 

The fragment of inches in length was afterwards broken 
into two, when one of the two portions was found to attract 
iron at either extremity / the other (the one in which the point 
of the file was), only at the broken end. {PhiL Trans, vol. xli. 
pp. 614, 615.) 

Many physicists have remarked that a piece of steel becomes 
magnetic by being broken ; therefore it could not be concluded 
from the present fact, if it stood alone, that lightning is in 
itself capable of magnetising steel. 

Franklin, in a letter dated 27th of July, 1750, speaks of an 
account written by Captain Waddel, of* the efifccts produced on 
board his ship by a stroke of lightning ; some of his compass 
needles had lost all their fnagnetism ; in others the poles were 
reversed, the north end turning to the south. 

u 
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CHAP. VIIL 

ON ROTATION MAGNETISB^ 

The first piibHcatlon A\rlnch I made of this discovery is thus 
mentioned in the proces verbal of the sitting of the Academy of 
Sciences, On the 22nd of November, 1824:, — • ^ 

M. Arago communicated verbally the results of ^ome ex- 
periments which he had made on the influence which metals, 
and many other substances, exercise on the magnetic needle, 
the effect of which is to produce a rapid diminution of the arc 
of vibration of a needle without sensibly affecting its time of 
vibration.” 

While engaged with my friend Alexander von Humboldt, 
in 1822, on the slope of Greenwich Hill, in a determination of 
the intensity of the magnetic force, I had recognised that the 
horizontal needle, after being put in motion, came to rest much 
sooner when placed in its box than when suspended at a dis- 
tance from all foreign bodies. It had appeared to me that 
this remark ought to conduct to important inferences on 
the generality of phenomena which had till then remained 
circumscribed and as it were isolated in the midst of science. 

I never ceased turning over this class of ideas in my mind ; 
and even now, when 1 no longer see, and when I am no longer 
able to observe, it seems to me that there are. many researches 
still remaining to be essayed in the path whioh I have opened, 
notwithstanding the apparently satisfactory explanation which 
Faraday has given of a part of the phenomenon which I have 
discovered. 

. On the 7th of March, 1825, I made to the Academy' of 
Sciences a fresh communication on this subject, which is re- 
ported in the following mariner in the Annales do Chimie et 
de Physique” (t. xxviii. p. 325.): — 

M. Arago placed before the Academy an apparatus which 
exhibits under a new form the mutual action which magnetic 
and non-magnetic bodies exercise .on each other. 

In his earlier experiments M. Arago had shown that a 
plate of copper, or any other substance, solid or liquid, placed 
under a magnetic needle, exercises on that needle an action of 
which the immediate effect is to lessen the arc of vibration of 
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the needle without sensibly altering the time of vibration. 
The phenomenon which he has now brought before the notice 
of the Academy is, so to speak, the converse of the preceding 
one* Since a needle in motion is ^brought to rest by a plate 
which is itself at rest, M. Arago thought that it should follow 
that the movement of a plate in motion would draw after it a 
needle previously at rest. He found, that if a plate of copper, 
for example, is made to turn, with a determinate velocity, 
beneath a magnetic needle enclosed in a case surrounding it on 
all sides, the needle no longer places itself in its ordinary posi- 
tion ; it rests in a position different from the magnetic meri- 
dian; and so much the more distant from the plane of that 
meridian, as the movement of rotation is more rapid. If this 
movement of rotation of the plate is sufficiently rapid, the 
needle, though' quite at a distance from the plate, also turns 
continuously round on its point or centre of suspension.” 

After the publication of my discovery, and of my experi- 
ments which I repeated before a great number of persons, 
several English, Swiss, and Italian physicists studied the same 
phenomena. Their researches in general confirmed my results. 
Yet in the Number of the Bibliotheque IJnivcrselle ” for 
January, 1826, there is a memoir by Messrs. Leopold Nobili and 
Bacelli of Modena, containing several experiments in direct op- 
position to some of mine, and wliich would tend to cause it to be 
, admitted that it is not true that all bodies in Nature exercise a 
particular and very intense action on a magnetic needle in 
motion. The acknowledged merit of those gentlemen imposed 
on me the duty of not leaving their statements unanswered. I 
have refuted their experiments in the Thirty-second volume of 
the Annales de Chimie et de Physique ” (p, 213. 1826) ; and I 
will presently repeat my explanations on this subject. Mean- 
while I have to repel certain objections which at the time I 
believed to proceed from Dr. Brewster. What I then wrote 
still remains ; but I no longer address the language then used 
to that illustrious physicist, in whom I have since recognised 
a true love of science, and who has become a foreign associate 
of the Academy^ and my friend. 

Those who discover a new fact in the sciences of observation 
must expect, first, 'to h^J'Ve its correctness denied, — next its 
importance and utility contested, — and afterwards will come the 
chapter of priority, — ^then, passages, obscure, insignificant, and 
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previously unnoticed, will be brought forward in crowds as 
affording evident proofs of the discovery not being new. 1 had 
certainly flattered myself that I had escaped the latter difficulty, 
and that much less on account of the care with which I was 
conscious that I had sought in the writings of physicists for 
observations wiiich miglit connect tlicmselves with my experi- 
ments, than by reason of the flattering distinction which the 
Koyal Society of London had deigned to bestow on them. On 
I’eading Jhe Seventh Number of the Edinburgh Journal” I 
perceived that I had been mistaken, for I found in it the fol- 
lowing passage: — ^'Few branches of modern science should 
excite a more lively interest than that which treats of the in- 
fluences of rotation oii' magnetic phenomena. We are proud of 
thinking that this remarkable discovery has been first made in 
our OAvn country ; and that, with the exception of a small 
number of important experiments made in France, it has been 
followed cxclusi\ely by tlic Fellows of the Koyal Society.” 

The decision, it will be seen, is clear, positive, and decided. 
This kind of merit is often found in the ‘^Edinburgh Journal”; 
— the qualities of con’ectne'=?s and truth, perhai)s, not quite so 
often. Their absence was, ])erha])s, never more remarkable 
than in the passage in question; a few dates will prove its 
absolute inaccuracy. 

On the 22nd of Novombei', 1821,1 communicated to the 
Academy of Sciences experiments on the influence which a 
metallic body, or any other kind of body in repose, exercises on 
magnetic needles which are \ibrating at a short distance from 
its surface. This experiment was published in the greater part 
of the Paris Journals on the 23rd and 24th of November. It 
was even reported, by a letter from Paris, in the Number of 
the Edinburgh Journal” itself, which appeared on the 1st of 
January, 1825. 

The experiment, in which the needle previously at rest is 
ebawn round by a metallic plate in motion, was communicated 
to the Academy, as has been already said, on Monday, the 7 th 
of March, 1825. It was performed by causing "a metallic plate 
to rotate with different degrees of velocity beneath a needle 
placed in a glass case, and separated from the moving plate by 
a membrane, to protect it from any agitation of the air. The 
part of the apparatus which communicated the motion was 
entirely of copper. Tlie ai)paratus itself, is now to be found in 



most cabinets dt^ physique. But it must be remarked^ iJiat 
the experiment last mentioned is only that of the 22nd of 
November repeated in another shape, being, in fact, dediicible 
from the former one, by that generally received principle in 
mechanics, that action and re-action are equal. The rotation 
experiment is useful for studying the phenomena whenever 
very great velocities are required, and vibrations are employed 
by preference when liquids or substances in a state of powder 
are to be operated on. The inferences arc the same in both 
cases. Let us now pass to the consideration of the dates of* 
the English memoirs. 

Mr. Barlow presented his memoir, On the Temporary Mag- 
netic Effect induced in Iron Bodies by Rotation,” to the Royal 
Society on the 14th of April, 1825, and it was not read until 
the 5th of May, 1825. ^ 

Mr. Christie’s memoir, On the Magnetism of Iron arising 
. from its Rotation,” was read on the 12th of May, 1825. 

The memoir of Messrs. Herschel and Babbage, of which the 
writer in the Edinburgh Journal” was no doubt not disposed to 
speak, because its authors were so good as to entitle it, Repe- 
tition of M. Arago’s Experiments,” has for its date of reading, 
the 16th of June, 1825. 

Since, then, the 22nd of November, 1824, and the 7th of 
March, 1825, are anterior to the 5th and 12th of May, 1825, 

I leave the reader to judge what grounds the Scotch writer 
could possibly have had for so gratuitously assigning the priority 
to his countrymen. 

Mr. Barlow announces that he had begun his experiments on 
the effect of the rotation of a sphere of iron in the month of 
December, 1824. December comes after November: I have 
therefore personally no interest in contesting this date ; but I 
think it right to maintain as a general principle that puhlicationy 
in some manner or other, is the only title which ought to be 
adniitted in the history of science ; although in so doing I de- 
prive myself of, the advantage of proving that the results treated 
of in this notice had been communicated to a great number of 
scientific men, French and English, nearly two years before I 
presented them to the Academy. However, the month of 
December, always indicated by Mr. Barlow himself as that in 
which he began his Experiments, did not suit the writer in. the 

Edinburgh Journal,” since my first publication is dated in 
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November, and go we find in the Eighth Number of that 
journal, published in April, 1826, the following passage: — 
About the month of November, 1824, Mr. Barlow’s experi- 
ment in which he ])roduccd a certain deviation of the magnetic 
needle, by the influence of the rotation of an iron sphere, 
became the subject of conversation at the Royal Society,” &c. 

Mr. Barlow had said that he had only begun to occupy him- 
self witli the plicnomena produced by the rotation of iron in 
December I this wjts certainly vexatious, since November was 
•the date of my first iniblication ! How Avas this difficulty to 
be got over ? Tiie problem seemed an embarrassing one, but it 
will be seen that the Scotch writer resolved it with much inge- 
nuity ; it was sufficient for the purpose to forget that the last 
month of tfiie year had a name of its own : December is cer- 
tainly a Avord Avhich he will never write in future ; why, indeed, 
should he ? May not the dates Avhich belong to that month be 
more suitably designated by this formula of about the month 
0^ November 

I am really pained to sec a man of science condescend to 
such Avrctchcd expedients. Carried aAvay by a blind passion, 
Avhich he, perhaps, disguises to himself as the ’spirit of nation- 
ality, he overlooks that, even if it could be permitted that he 
should thus virtually antedate Mr. BarloAv’s experiments, nothing 
Avould be gained thereby for the point in question ; for, if there 
is anything in my experiments which can justify the high 
favour bestoAved on them by the Royal Society, it is the 
proof which they furnish of the immense enlargement which the 
magnetic properties of bodies experience either when they are 
made to rotate beneath a magnetic . needle in repose, or when 
the needle vibrates at a short distance from their surface ; now 
this is a result which is no way made to appear by Mr. Bar- 
low’s investigations. 

. The inference deduced by Mr, Barlow from his experiments is ex- 
pressly stated by himself as follows: Phil. Trans. 1825, p. 326. “When 
any iron body is put in rapid rotation on any line not dbinciding with its 
magnetic axis, a temporary derangement takes place in its magnetic powers, 
which, in its effects, is equivalent to a new axis of polarisation perpendi- 
cular to the place passing through its axis of polarisation and rotation 
The formation of a “new axis^’ is ascribed, in p. 323,, to the ^^cohesiva 
(? coercitive) power of the iron ” which is stated to be “ such as to resist in 
a certain degree the inductive powers of the earth,” &c. The experiment 
is, as will be perceived, in a form better suited for exact measurement^ that 
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In order to live in peyie with some of my detractors, I am 
therefore quite willing to Consent to its being henceforward 
stated in print, contrary to the evidence of the facts, that the 
experiments of the Woolwich Professor were commenced about 
the month of November, or even, if it is wished, about the 
month of October,” 

I now pass to the consideration of the experiments relative 
to the real action exercised by all bodies in nature on the 
magnetic needle in motion, — an action denied by some Italian 
physicists. 

Messrs. Nobili and Bacelli say that they have made mag- 
netic needles vibrate over non-metallic substances, without 
finding any appreciable dilference between the vibrations per- 
formed by the needles when placed over the disks/ and when 
removed from their influence.” 

If these gentlemen had stated the distance between their 
needle and the non-mctalHc disk cmployed«by them, and the 
number of the vibrations, I might perhaps be enabled to assign 
the cause of the error into which they, have fallen. As it is, 
all I can do is to oppose to their negation, exact measurements 
stating the Circumstances under which they were obtained. The 
following paragraph is an extract from my J ournal of Experi- 
ments: — 

I suspend a magnetic needle horizontally over water, and. 
I draw the needle 53° out of its natural position ; being then 
left to itself, the needle vibrates to and fro on either side of the 
magnetic meridian, in arcs of diminishhig magnitude. try to 
seize the moment when the semi-arc has decreased to 43°, and 
I count how many vibrations have taken place from the com- 
mencement. 

When the distance of the under surface of the needle from 
the surface of the water is ’0256 of an English inch, a reduc- 
tion of 10° of arc takes place in the course of 30 vibrations. 
When the distance is 2*055 inches, 60° vibrations are re- 
quired to effect a similar reduction.” 

It is impossible to be mistaken in regard to such a difference 
as this. I may add that it would have been still greater if the 

of the physicists, who, after having caused an horizontal needle to deviate 
from its natural 4*rection by means of a vertical bar of iron, sought to 
learn wi^ietheri after a reversion of the vertical bar, the deviation 

would still remain in the san^e direction for the first moment. 
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commencing semi-arc had been 90°. The following results 
were given when the same needle was vibrated over ice: — 


Scmi.arc. 


Distance* 
from the 
Surface 


Number 

of 

From 53 ° to 43 ° - 


of Ice. 

Jnehes. 

*028 


Vibrations. 

26 


- 

. ' *050 

- 

34 

» 

- 

- 1*202 

- 

56 


t 

- 2*055 

- 

60 


Over a [)Iate of crown glass, with another glass : 


Scmi-arc. 



Distance 
from the 
Surface 
of Glass. 


Number 

of 

Vibrations. 




Inches. 



From 90° to 41° 

- 

- 

- -0358 

- 

- 122 


- 

- 

- *0390 

- 

. 180 


- 

- 

- -1198 

- 

- 208 


- 

- 

- *1580 

- 

- 220 


Thus, so fur from the magnetic effects of non-metallic sub- 
stances, such .as water, ice, glass, &c., being inappreciable, as 
Messrs. Nobili and Bacelli have erroneously announced, these 
effects are, we sec, sufficiently powerful to allow us to hope 
•that, by making the experiment with adequate prt^caution, it 
will be possible even to show a sensible effect from compressed 
gases. 

Messrs. Nobili and Bacelli have also remarked, that it 
follows from Coulomb’s experiments, that all substcances give 
some signs of magnetism ; which would seem to make it pro- 
bable, that, in order to discover in bodies the faintest traces of 
magnetism. Coulomb’s method would be found preferable to 
M. Arago’s, as more secure.” 

I would observe, in reply, 1st, that Coulomb- had hot ex- 
tended his attempts to .any liquid ; and even that his method 
would not have admitted of his doing so ; and that this circum- 
stance of itself gives an altogether peculiar character and value 
to the proceeding which I emj)loycd for rendering manifest the 
magnetic properties of water: 2dly, that the traces of mag- 
netism perceived by the celebrated physicist who has just been 
nained, were so faint, that, as he himself recognised, it was 
possible to attribute them to the presence of some ferruginous 
particles, so minute that the most exact chemical analysis might 
not be capable of showing their existence. I must next add 
that my experiments have no relation to those of Coulomb ; the 
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magnetic virtues which they serve to manifest are quite of a dif- 
ferent nature from those which arc measured by causing needles 
to vibrate between, two magnetised bars. Some new facts, 
which I will presently relate, will, I think, leave no doubt on the 
subject ; I will only say here, that Messrs. Nobili and Bacelli 
might themselves have drawn the inference from their own 
experiments. I subjoin the values of the deviations produced 
by disks, formed of different substances, turning with a given 
velocity below a magnetised horizontal needle, as stated in the 
Memoir of the two physicists of Modena. 

The disk of copper produces a deviation of 55° 



zinc 

o 


14° 

JJ 

brass 



11° 


tin 

M 


10° 


lead 


♦1 

00 

o 


The succession of different substances in the order of mag- 
netic intensity, as it would result from Coulomb’s experiments, 
(proceeding, as in the above table, from the greater to the less) 
would be lead, tin, silver, copper, gold ; precisely the contrary 
of the succession given by the experiments of deviation. 

All the physicists, including IMcssrs. Nobili and Bacelli, who 
had attended to the idienomena produced by the magnet- 
ism of bodies in motion, explained them at first very nearly 
in the same way. If, said they, a needle is suspended hori- 
zontally over an indefinite metallic plate, there should be formed 
below each pole of the needle, — say, for instance, below the 
north pole, — a jiole of an opposite kind — or attractive — pro- 
duced by the decomposition of the neutral fluid in the plate. 
When afterwards this plate is made to rotate, this attractive 
pole is carried in the direction in which the plate is turning ; a 
similar pole is formed afresh below the needle, to be afterwards 
carried round in its turn, and so on. Now, suppose that these 
poles are produced almost instantaneously, and that they take 
some time to disappear, it will follow that the needle will be 
preceded by a series or succession of poles, which, being all 
attractive to the pole of the needle, will cause it to deviate from 
its usual position in the direction in which the movement of the 
plate takes place. 

This mode of explanation* had also presented itself to my 


I think it was M. Duhamel, member of the Academy, who first pro-^ 
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mind^ when I first communicated the experiments of rotation 
to the Academy ; I did not mention it, however, because an 
hypothesis which only accounted for the direction in which the 
needle was displaced, did not appear to me to rest on a suffi- 
ciently solid basis, I think that what above all required to be 
explained was that a plate of copper, which, when in a state of 
repose, scarcely causes a magnetic needle to deviate a second of 
arc from its ordinary direction, may become capable, by the 
sole fact of its being put in motion, — the distance remaining 
the same, — of drawing the needle ninety degrees and upwards 
from its place; 1 will frankly own that I had not found the 
means of explaining this. In regard to the hypothesis in 
question, I had every reason to be glad that I had not brought 
it forward ; for fresh trials showed me not only that it is in- 
sufficient, but that, moreover, it is directly contrary to the 
results of experiment ; I will demonstrate this in a few words. 

The south jiolcs, which, according to the theory of Herschel, 
Babbage, Nobili, Prevost, &c., the north pole of the needle 
may be said to sow or deposit around the margin of the turning 
copper-jilate, evidently ought, by their combined action, to 
attract the said north pole of the needle, and tend to draw it 
nearer to the plate ; but I have assured myself, on the contrary, 
that the component, perpendicular to the plate, of all the 
forces brought into action by its motion. Is a repelling force. 
Suspend, by means of a thread, a very long magnet hanging 
vertically to the beam of a balance, counterpoise it by weights 
of any nature you please, on the opposite side, and make the 
equilibrium exact ; if you then cause a plate of copper, placed 
below the magnet, to rotate, the equilibrium will no longer 
subsist ; the magnet will seem to have become lighter ; it will 
be lifted up ; that is to say, the plate will repel it. 

The experiment can be still more easily tried with a dipping 
needle. When the plane of such a needle is directed exactly 
towards the centre of the rotating disk, which I suppose always 
to be horizontal, the needle itself being made horizontafl, any 
movement of rotation around its axis of motion can obviously 
only result from a force perpendicular to the disk : if we now 
suppose that one only of the poles of the needle is brought 

posed the explanation in question, llis letter to the Academy was read on 
Monday, the 27th of December, 1824, and extracts from it were printed in 
some of the journals of the 29th; 
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vertically over the plate, we shall find, as in the experiment of 
the vertically suspended magnet, that so long as the plate 
rotates, the pole in question is constantly lifted. 

The action which a circular horizontal metallic disk, turning 
round its Centre, exercises on -one of the poles of a magnetic 
needle, may be decomposed into three components, the first 
vertical, or perpendicular to the disk; the second horizontal, 
and perpendicular to the vertical plane containing the radius 
of the disk terminating in the projection of the pole of the 
needle ; and the third, horizontal and parallel to the said 
radius. The first is, as wc have just seen, repellent; the 
second is the tangential force which imparts the movement of 
rotation to horizontal needles ; the properties of the third com^ 
ponent may be studied by using an inclination needle, placed 
vertically, and in such manner that its axis of rotation shall 
be situated in a plane perpendicular to one of the radii of the 
disk ; in this position, the needle will only move in virtue of 
the component directed towards the centre. 

Let us conceive such a needle to be vertical when over the 
centre of the rotating disk; the rotatory movement will 
naturally not cause it to deviate from its direction. There 
exists a second point, nearer to the circumference than to the 
centre, in which the verticality of the needle will also be pre- 
served. Between these two points the lower pole is constantly 
attracted towards the centre, whatever may be the velocity of 
rotation; when more distant from the centre it is repelled. 
The action is still sensible and repellent, when the vertical 
direction of the prolongation of the needle has passed the cir- 
cumference of the disk. I might ask how this repelling force, 
in the direction of the radius, could be deduced from the action 
of the attracting poles distributed over the upper surface of the 
metal, if I had not already proved the insufficiency of that theory 
by the simple fact of the existence of a repelling force perpen- 
dicular to the rotating disk. 

Faraday, in 1832, was the first to show, by employing a 
galvanometer of which the wires were placed on different parts 
of moveable metallic disks, above which there was a fixed 
magnet, that there are in these metallic disks curren# induced 
by the magnetic i^edle ; and it has been thought that the 
complete explanation of all the phenomena which I had di^- 
qovered could be deduced from thence. I do not participate ift 
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this opinion. On the 25th of September, 1844, 1 communicarea 
mjr doubts on this subject to the. Bureau des LongitudeKs; the 
report, or proces verbal of the meeting, was to the following 
effect : — 

M. Arago recalled the experiments made by him long 
since, on the diminution of the arc of vibration of a magnetic 
needle, when its vibrations arc performed at a small distance 
from a plate of glass, or of ice (frozen water), or from the 
surface of a liquid. M. Arago cited the particular circum- 
stances in his experiments, from which it follows that in the 
particular case of glass, ice, or liquids, the phenomenon does 
not depend on an induction. M. Arago thought that it could 
only be attributed to a condensation of the atmosphere at the 
surface of bodies. He indicated cxpeihnents which he proposes 
to undertake for the purpose of putting this result beyond 
question.’ 

It is not that I mean to assert that electricity is not principally 
concerned in the idicnomena in question ; but I say that they 
cannot be conq^lotely explained by the production of currents, 
vanishing as soon as formed, at the surface only of bodies, 
which, in this hypothesi'^, ought neccs«?arily to be very good 
conductors of the electric fluid supposed to be in rajiid circula- 
tion at their surflice. I have not been the last to show that, in 
phenomena of rotation, electricity and magnetism produce 
analogous effects. In 1845, I had to make good my claims 
against an inaccuracy on this point, which had obtained circula- 
tion in the scientific world on the authority of one of the most 
illustrious men of our age. 

In his fine work, Faraday, whose friendship I prize so dearly, 
attributed to Ampere the discovery of the motion which takes 
place in a wire passed through by a voltaic current when it is 
placed horizontally at feome distance from a rotating metallic 
disk. The true epitome of the facts is the following : — 

About the beginning of the month of August, 182^, I thought 
that my experiments of rotation ought to be repeated, substi- 
tuting currents for magnetic needles. Not having any voltaic 
pile, I asked my friend Ainpcrc to have the apparatus set up in 
the Cab^Biet dc Physique of the College j^e France. One of the 
gentlemen attached to the College, M. Aja^on de Grandsagne, 
made the necessary arrangements ; but the day the first attempt 
was made, at the very moment when the wire began to move. 
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the axle round which . the plate turned, broke. As I was 
starting the next day for the Pyrenees, I authorised Ampere 
to continue the experiment. M. Colladon presided over the 
reconstruction of the instrument, and introduced some im- 
portant improvements. This time the wire began to move 
almost at the instant when the copper disk began to turn. 
Ampere hastened to send me the result which had been 
obtained. 

These explanations did not at first appear to me necessary to 
be given, for, in publishing the experiment. Ampere had been 
careful to cite me. Since, however, it has happened that the 
notice drawn up by this illuhtrious and lamented physicist has 
led such a man as Faraday into error, it may not be useless to 
place Ampere’s own letter before the public. I will only quote 
from it the following passage : — 

“ Paris, 1st September, 1826. 

You will see in this notice that I have taken care to say 
that the idea of this experiment is due exclusively to you. 

It remains, my dear and excellent friend, that I should 
remind you tliat you promised me, if this experiment was suc- 
cessful, to defend my tlicory as the true explanation of the 
phenomena. When this is added to all the rest, and to the cal- 
culations in the Memoir now printing in the Memoirs of the 
Academy, I do not see what objection can remain to be brought 
against me. 

I would also beg of you, if you find the note which I send 
you what it should be, to write to M. Savary to insert it in the 
^ Annalcs de Cliimie ct de Physique,’ such as it is, excepting 
only such alterations or additions as you may think are required, 
and which you are at perfect liberty to make, since the. experi- 
ment was devised by you.” 

I will add, what has never been printed in full, that imme- 
diately after my return to Paris, I repeated with currents the 
experiments which had been made before with needles, and 
with the same results ; first in respect to the direction of the 
forces when I used complete disks, and second in respect to the 
diminution of the forces when interrupted disks were used. 

Having mentioned •^interrupted disks,” I take the oppor- 
tunity of repeating here the remarks which I made in 1845, on 
presenting to the Academy of Sciences a pamphlet by my friend 
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M. de Haldat 5 entitled Histoirc du Magnetisme dont les 
Phenomenes sont rendus sensibles par le Mouvement/^ The 
learned secretary of the Academy of Nancy has fallen into one 
inaccuracy/ He reminds his readers, in pp. 11* and 42. of his 
work, that rotating metallic disks lose a great part of their 
power when pieces have been cut out from them in the direc- 
tion of their radii. This fact, from the first, appeared of capital 
imi^ortance ; it showed that the phenomena do not depend, on 
purely .molecular action. But JVI. de Hjildat is in error in 
attributing the discovery of this fact to Messrs. Ilcrschel and 
Babbage. The two English pliilosophers, in the Memoirs which 
they have published, declare that tlieir experiments with disks 
were made after M. Arago.” (See vol. cxv. of the PM. Trans. 
p. 480.) 

In order to decide the question as to the • cause of the in- 
fluence exercised by the magnetic needle in motion upon all 
bodies, and reciprocally by all bodies in motion on a freely 
suspended magnetic needle at rest, we must study what takes 
place with substances reputed to be the worst conductors of 
electricity, such as resin or gum-lac for example. It would 
also have to be seen, whether at very small distances from non- 
conducting bodies (distances of the same order as those at which 
magnetic bars are made to vibrate) bars of brass, of precisely 
the same form and dimensions, would not be influenced in their 
vibration by condensation of the atmosi)hcric air at the surface 
of the bodies. Experiments of this kind have been undertaken 
at my request by two of my friends, Messrs. Laugier and 
Barral. I gave a verbal account of the results obtained to the 
Academy of Sciences, at its meeting of the 7th of March, 
1853. In the state of health in which I now find myself, I 
can no longer hope to sec this investigation carried out to its 
termination. I must, therefore, content myself with recording 
here the numerical results which have been found, and with 
placing them by the side of those which I had myself obtained 
when my strength and the state of my eyesight permitted me 
to observe. 

On account of the rapidity of the diminution of the arc of 
vibration of a copper needle which moves only under the 
influence of the torsion of a platinum wire, it was requisite to 
make an alteration in the method which I had employed. It 
was necessary that the vibrations of the Oopper bar should be 
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at least as rapid ,aQ those of a magnetised bar, and that the 
torsion wire should be suflSciently short and thick. Conse- 
quently Messrs. Laugier and Barral sought the diminution 
of arc produced in the course of a given number of vibra- 
tions. I operated, on the contrary (as may have been seen 
by the numerical results cited above), by counting the number 
of vibrations performed while the are of vibration was un- 
dergoing a diminution of a certain number of degrees. In 
other respects, Messrs. Laugier and Barral experimented with 
the same glass case, and exactly under the same conditions as 
those which I had selected. Only a few modifications, which 
those gentlemen thought the apparatus required, were made 
in it by our skilful artist, M. Brunner. 

To avoid any error which might arise from defective center- 
ing, M. Laugier observed the amplitude of the arc of vibra- 
tion on one side, wliile M. Barral did the same on the opposite 
side, the mean of the two observations being taken. In my 
experiments I observed the elongation of the needle, sometimes 
on the right and sometimes on the left, and took, in a similar 
manner, the mean of the observations on either side. 

The following were the results obtained by Messrs. Laugier 
and Barral : — 

Using a copper bar, suspended by a platinum wire, to which 
the same amount of torsion was always given, and measuring 
the diminution of are taking place in the course of ten vibra- 
tions, there was found — 

When the bar was placed over an iron disk. 


English Inches. 

At a distance of 0 04 a diminution of arc of 
0 28 „ 

„ 3*15 ,, 


» 

9) 


Degrec|. 

49-8 

49*5 

49*0 


Over mercury, with another platinum wire giving slower 
vibrations : — 


English Inches. 

, At a distance of 0*03 a diminution of arc of 
0 09 ,, 

„ ,, 

Taking away the mercury « - - 


99 

99 


Degrees, 

320 
32 0 
32-4 
31 6 


Over a cake of resin, with a platinum wire giving more 
rapid vibrations ; — 

English Inches. Degrees. 

At a distance of 0 02 a diminution of arc of 95*3 
After taking away the cake - - - 95*1 
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Over a cake of gum-lac, Avith the same platinum wire ; — 

English Inches. Degrees. 

At a distance of 0*03 a diminution of arc of 98*7 
After taking away the cake - - - 97*5 

Over the same cake of gum-lac, with a platinum wire giving 
slower vibrations : — 


English Inches. Degrees. 

At a distance of 0*02 a diminution of arc of 72*25 
After taking away the cake - - - 71*20 


Each experiment was repeated five times, and the above 
figures are the mean of the five results, which did not differ 
from each other more than one or two degrees at the utmost. 

It is very evident that the pre&cnce or absence of a foreign 
body had no effect on the vibrations of the copper bar, not- 
withstanding the small di&lances emjdoycd. If, therefore, very 
great differences are found when a magnetised bar is employed, 
they cannot but be attributed to magnetism. 

With the magnetised bar, Messrs. Laugier and Barral, after 
drawing the bar 76 degrees from the magnetic meridian, began 
to count the vibrations when this distance had been reduced to 
71 degrees, and noted tlic diminution of arc which had taken 
place when the fiftieth double vibration was accomplished. 
Their results are given in the following table : — 


Distance of Diminution 

the magnetised of the Arc of 

Substances over which the Bar vibrated. B ir from the Vibration in 

Substances the course of 

experimented with. 50 Vibrations. 


In air - 

Glass vessel - - « . 

With 0*275 lbs. of distilled water in the same 
vessel . - - - . 

With 0*275 lbs. of distilled water in the same 
vessel - - . - - 

With 0*275 lbs. of distilled water in the same 
vessel - - - - . 

With 0*550 lbs. of distilled water in the same 
vessel - - - - . 

Witj^ a cake of resin - • * 

« }> - - • 


»» « - • 

With only the box which had contained the 
resin, and above the wooden bottom of 
the box - - - - » 

After putting into the box the resin pow- 
dered - - - - . 


English Inches. 

Degrees, 

- 

8*40 

0-40 

9*80 

0*14 

12*25 

0*04 

16*50 

002 

25*00 

0*03 

' 24*50 

0*24 

7-25 

005 

23-50 

0*02 

37-50 

0*08 

10-50 

0*67 

10 00 
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Distance of 

Diminution of 




the magnetised 

the Arc of 

Substances over which the Bar vibrated. 


Bar from the 

Vibration in 




Substances 

the rourse of 



experimented with. 

50 Vibrations. 




Englhh Inches* 

Degrees, 

After putting into the box the 

resin 

pow- 



. (lered - - - 

- 

- 

0*055 

20-00 

After putting into the box the 

resin 

pow- 



dcred - - - 

- 

- 

0*016 

35*00 

With a cake of gum-lac 

- 

- 

0*06 

13*50 

AVitli a cake of guin-lac 


- 

0 03 

21*50 

With a cake of gum-lac 

- 


0*022 

23*50 

AVith only tlie box winch had contained the 



lac, and above the bottom of the box 

- 

0079 

10*00 

After putting into the box some 

pulverised 



lac - - - 

- 

- 

0*039 

13 50 

After putting into the box some 

pulverised 



lac - - - 

- 

- 

0020 

16*00 

After putting into the box some 

pulverised 



lac - - « 

- 

- 

0*012 

17*50 


Thus it appeared tliat bodies which arc regarded as the worst 
conductors of electricity, which resist tlic i)assage of ordinary 
machine electricity, and of the voltaic electricity of tlic most 
pow(u-ful piles, exercise a very powerful action on a magnetic 
needle in motion, and that they do so, whether they form a 
solid uninterrupted layer, or whether they ai’C reduced to 
an impalpable powder. The action exercised is not the same 
with the different bodies. It Avas consequently more than 
probable that analogous results Avould be obtained in a vacuunu 
This mode of testing the effects exercised by aU bodies on a 
magiudic bar might be applied to examining the effects which 
Avould be ])roduced by comjwcssed gases, as I ])ointed out Avhen 
I first made known the earliest discovered phenomena of rota- 
tion magnetism. I hope that this experiment will some day be 
made by some physicist. 

I Avill add here to the numbers given above, some results 
AvhlcliJ^ obtained with A^arlous substances, for the sake of show- 
ing that there might be found in this kind of researches a means 
of measuring the specific action of each substance, 

I repeat that I counted the number of vibrations performed 
between certain determinate arcs. 


X 
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Substances employed. 

Distance of 
the in.'ignetfc 
Needle from 

Number 

of 

double 

Diminution 
of measured 

Plate of glass - 

the Substances 
experimented with 

Euglish Inc.hc8, 

- 0*984 

Vibrations 

counted. 

30 

Arcs. 

Degrees* Degrees- Degrees. 
35-5 —15-5 =20-0 



0-984 

40 

35 5 — 

12-0 =23-5 

?> ■ " 


0-984 

50 

35*5 - 

9-5 =2G-0 



0-984 

60 

35*5 - 

7-5 =28-0 



0-984 

70 

35*5 — 

6-0 =29-5 



0-984 

80 

35*5 — 

4-5 =31-0 

i» “ “ 


0-049 

30 

35*75- 

9-00=26-75 



0-049 

40 

35*75- 

5-75=30-00 



0-049 

50 

35*75- 

4-00=31-75 



0-049 

60 

35*75- 

2-75=33-00 

M “ " 


0-049 

70 

35*75- 

2-00=33-75 

« ** 


0-984 

77 

35*5 - 

5-0 =30-6 

J) " - 


0-138 

59 

35*5 — 

5-0 =30-5 



0-049 

43 

35*5 — 

5-0 =30-5 

At a considerable distance 
the bottom and sides 
bowl - 

from 
of a 

0-049 

70 

46*0 — 

5-0 =41-0 

With water in the bowl 

- 

0-473 

63 

45*75- 

5-0 =40-75 

« It 

- 

0 079 

41 

46*00- 

5-0 =41.00 

In an exhausted receiver, 
out any other substance 

with- 
in it 

0-079 

174 

Cv 

0 

1 

5-0 =45-5 

After letting the air in again - 

0-079 

98 

50-5 — 

5-2 =44-8 

AVith a cake of resin in the 
exhausted receiver - 

0-276 

57 

50 — 

5 =45 

Zinc plate 

- 

0-177 

11 

48 — 

4 =44 

Brass plate 

- 

0-177 

12 

48 — 

4 =44 

Tin plate 

- 

0-177 

17 

48 — 

4 =44 

Leaden plate - 

- 

0-177 

28 

48 ~ 

4 =44 . 

Distilled water 

- 

0-473 

69 

44*5 — 

4 =40-5 

Salt water 

- 

0-473 

62 

46 - 

5 =41 

- - 

- 

0-079 

45 

46 - 

5 :i=41 


I will not add to the niunhcr of these citations, which arc 
sufficient to show that there is no class of bodies which can bo 
looked upon as escaping from the influence exercised by a mag- 
netised bar in motion. When it is remembered that tffe bars 
employed in my observations were of small dimensions, and 
that I operated on non-conducting substances, it will, I hope, 
be seen, on due reflection, that my experiments differ from 
those devised by Faraday, and that they cannot be completely 
explained by the i 
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I WILL here bring together, under tlie title of Animal Elec^ 
tricity^ facts which are in reality very diverse, but which unin- 
formed persons have been fond of associating. As yet electricity 
has only been clearly evidenced in some animals ; attcmi)ts have 
been vainly made to connect with it phenomena taking place in 
the human body, and on which the human will has appeared 
to exercise some action in the judgment of persons, cither 
prejudiced, or little attentive to the circumstances. 

CHAPTER L 

ON THE SPARK DRAWN TROM THE TORPEDO AND THE GYMNOTDS. 

I IIAI) to occupy myself with this subject on the occasion of a 
discussion respecting priority, between Messrs, Linari and 
Mattcucci, on experiments made in 1836, having for their object 
to obtain sparks from the torpedo, and to show tliat these sparks 
arc really of the same nature as those obtained in laboratories 
with the ordinary electrical machines, or wdth voltaic piles. 

No one had previously seen the electric spark in experiments 
made1)n the torpedo. M. do Humboldt had not succeeded in 
seeing it, even in operating on the gymnotus in its native 
country. Walsh, whose numerous attempts had failed so long 
as they were only made with torpedos, succeeded, in August 
1776, in rendering the spark apparent in using the gymnotus. 
It is worth noticing that this important experiment came to the 
knowledge of the public, not directly by a memoir of Walsh 
himself, but through a note written by M. Le Roy. Faldbcrg 
and Tngenhousz also said that they had sometimes obtained the 
S 2 )ark during the discharge from an electric eel from Surinam. 
At the present time every one may have the opportunity of ob- 

* A posthumous Work. 

X 2 



308 METEOKOLOiGHOAL ESSATS. 

serving the same effect, when they are assured that electro- 
chemical currents have not had any share in the experiments. 

It appeared to me that the honour of the new discovery 
belonged to M. Matteucci, when I saw, in a letter addressed to 
him by M. Liiiari, dated the llthof jMarch, 1836, the following 
sentence: — Describe to me, clearly and patiently, the plan 
of experiment, which you say you haA"c thought ot for drawing 
the sjiarli from the torpedo.'' It appeared to me probable, that, 
in making such a request as this, M. Linari would not have 
failed to announce, or, at the very least, to imply, tliat he 
was himself in possession of some particular method of ex- 
periment if he really had been on the track of anything new ; 
whereas the letter docs not contain the slightest allusion of the 
kind. 

However, a person by whom I have often been contradicted, 
but wliose name a solemn decree of the tribunals of justice has 
since caused to be erased from the list of the Academy, — pre- 
sented, in the rompte rendu of our meetings, some remarks 
tending to prevent the Academy from voting the insertion of 
M. Matteucci’s iMcmbir in the Eecueil des Savants Etrangers” 
(an insertion which is the highest encouragement in our power 
to offer to the cultivators of science), under the pretext tliat it 
had not yet been possible to verify all the experiments de- 
scribed by M. Matteucci. 

I remarked, that if this system of proceeding were adopted, 
it would scarcely ever happen that the Academy could be free 
to api^rovc the works submitted to it, — at least, in the sciences 
of observation. Has it ever been imagined that Academic 
commissions had imposed upon them the obligation of repffating, 
in all their details, the numerous delicate and difficult experi- 
ments winch arc described in the long Memoirs referrcal to their 
examination ? When they can do sOy such commissions verify 
here and there some prominent points; if this partial verifica- 
tion has a satisfactory result, they admit the rest, but, as is 
well understood, under the responsibility of the author. And 
yet more, — the Academy fully adopts, and often causes to be in- 
serted in the Recueil des Savants Etrangers,” Memoirs of which 
there has been no opportunity of verifying even a single result. 
For instance, did the Academy require me to proceed to the 
summits of the Pyrenees, before it honoured with its suffrage 
the fine gcodcsical levelling carried by M. Corabocuf along the 
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whole of the chain between the ocean and the Mediterranean ? 
The Commission which was appointed to examine M. Matteucci’s 
Memoir acted conformstbly to onr customs, and did all that 
could in reason have been asked from it. Such points as it 
could verify it found correct. It did not occupy itself with the 
experiment of the lobes of the torpdSo (the most simple and 
perliaps the most easy of all the experiments cited by M. 
JMatteucci), for the very good reason that there arc no torpedos 
at Paris. The Commission notices this in its Report. In my 
opinion it was scarcely necessary to have done so; the facility of 
the particular observation, tlie confirmed exactness of all the rest, 
the success attained by M. Matteucci in a great number of 
delicate researches, all afforded a sufficient guarantee ; and it is 
not usual to ask for more. In deciding, in conformity with the 
opinion of the Commission, and agaiiivst the opposition to which 
I have alluded, that the Memoir of i\f, Matteucci should be in- 
serted in the Recucil des Savants Etrangers,” the Academy 
testified its just interest in an investigation which connects itself 
with one of the most delicate })oints of animal organisation, and 
has invited observers to turn their attentive inquiries in that 
direction : this is the honourable office which the Academy has 
always taken upon itself, and wdiicli it is impossible that it 
should ever have reason to repent. 1 will conclude by citing 
a passage, which will show In wdiat terms ]\I. Matteiicci’s ex- 
periments are spoken of beyond the Rhine : it is taken from a 
letter from M, de Humboldt ; — The thing which lias most 
deeply interested me of late is the great discovery of M. Mat- 
teucci on the action of the fourth lobe of the brain of the 
torpedo.” 


CHAP. IL 

ON A SO-CALLED ELECTRIC GIRL. 

I NOW come to some circumstances of animal electricity, of 
which the truth has not been confirmed, and which arc only 
attributed to a magnetical or electrical cause from the want of 
due reflection. 

At the meeting of the 16th of February, 1846, I laid on the 
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table of tlie Academy a short note by M. Cholet, and a more 
detailed note by M- Tanchon, both relating to a young girl of 
thirteen or fourteen years of age, Angelique Cottin, employed 
in a maniifactoiy of net gloves, in whom, it was said, extra- 
ordinary faculties had developed themselves for about a month 
past. When M. Cholct^^rescnted himself at the Observatory, 
he was accoini)anied by tlic young girl and her j)aronts. lie 
urged me to assure myself without delay, and by my own 
observation, of the reality of the phenomena described. After 
some hesitation, I yielded to his wish, as it was possible that 
tins first inspection might lead me, in case of entire failure, to 
propose to the Academy not to name any commission. 

I reported what I saw during a few minutes’ intcrvieiv* 
Mademoiselle Cottin, on sitting down upon a chair, occasioned it 
to move violently. I did not distinctly perceive the agitations 
which are said to be produced, at a distance, in a wooden 
stool, by the intermediation of an apron. Other observers have 
thought that such agitations were perceptible. Above all, I 
could not confirm the reality of any clFects on magnetised 
needles. The repulsive action exercised by Mademoiselle 
Cottin’s left hand on a suspended sheet of paper was not greater 
than is produced by a great many persons under analogous cir- 
cumstances. Notwitlistanding so many negative results, I did 
not, however, hesitate to ask the Academy to name a commis- 
sion, who might verify the fixets at leisure. It was for the 
gentlemen composing it to ascertain the manner in which the 
movements taking place in the chair were produced. If there 
was a trick, it was desirable to detect the deception, and thus 
prevent tlic public from being led into error. Moreover, M. 
Tanchon cited in his note some experiments very easy to be 
repeated, and which did not allow of any equivocal exjdanation. 

The following is the Report of the Commission, which con- 
sisted of MM, Arago, Becqucrcl, Isidore Geoffroy-Saint- 
Hilaire, Babinet, Rayer, and Pariset : — 

At its meeting of the 16th of February last, the Academy 
received from M. Cholet and IVI. le Docteur Tanchon two notes, 
respecting the extraordinary fixculties, said to have developed 
themselves for about a month past, in a young girl of the de- 
partement dc I’Orne, named Angelique Cottin, of about fourteen 
years of age. The Academy, conformably to its usual practice, 
named a commission to examine the alleged facts and report the 
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results. We will acquit ourselves of this duty in very few 
words. 

It was affirmed that Mademoiselle Cottin exercised a very 
intense repelling action on bodies of all kinds the moment they 
were touched by any jiart of her clothes. It was even said that 
stools were overturned by means of the simple contact of a 
silk thre#. 

No appreciable effect of this kind was witnessed by the 
Commission. 

In the accounts communicated to the Academy, it is said 
that under the influence of this young person’s arm, a mag- 
netised needle first vibrated rapidly, and then came to rest at a 
considerable distance from the magnetic meridian. 

In tlic presence of the Commission, a delicately suspended 
magnetic needle did not experience under these circumstances 
any displacement, citlier permanent or momentary. 

M. Tanclion thought that Mademoiselle Cottin possessed 
the faculty of distinguibJung the north from the south 2^olc of a 
magnet, by simply toucliing the two poles with her fingers. 

The Commission assured tliemselves, by varied and numer- 
ous experiments, that this young girl does not possess the sup- 
posed faculty of distinguisliing the jdoIcs of a magnet by tho 
touch. 

The Commission will not piu'sue further the enumeration 
of failures ; its members content themselves with declaring, in 
conclusion, that tlic only one of the announced facts which was 
realised in their jiresoncc, was that of the sudden and violent 
movements in cliairs in wliich the young girl sat. Serious 
susjuclons had arisen as to the manner in which these movements 
were j)roduced, and the Commission determined to subject them 
to an attentive examination. The Commissioners announced, 
witliout disguise, that their examination would be directed to 
discover what share certain skilful and concealed manoeuvres by 
the hands and feet might have had in the effect witnessed by 
them. From this moment it was declared that the young girl 
had lost her attracting and repelling faculties, and that whenever 
they should reaj^pear we should be apprised. Many days have 
since elapsed, and the Commission has received no such intima- 
tion. We know, however, that Mademoiselle Angelique Cottin 
is still daily presented in drawing-rooms, where she repeats her 
experiments. 
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Having weighed all these circumstances, the Commission is 
of opinion that the communications presented to the Academy- 
on the subject of Mademoiselle Angelique Cottin ought to be 
set aside, or regarded as not having taken 2)lacc.*’ 


CHAP. III. 

niENOMENA OF TURNIXG TABLES. 

Failures have never produced any discouragement in public 
opinion in matters supposed to relate to animal electricity. An 
example of tliis has shown itself in regard to the plieiiomena 
known under the name of turning tables. They were attri- 
buted unhesitatingly to a sii 2 )poscd faculty possessed by 
animated beings, of develoinng in inert bodies a i^cculiar kind 
of electricity. I had to S 2 )cak on this subject at the Academy, 
on the occasion of a communication from its C()iTesj)ondcnt, 
M. Seguin, known by the imj)ortant invention of tid)ular 
boilers. It was my duty to speak as I did. But I cited 
old experiments by ^Ir. Ellicot, clock-maker, mentioned in the 
Pliilosopliical Transactions, which liave the greatest analogy 
with the admissible accounts given of turning tables. \\"hat is 
apparently most extraordinary and ino.^t difficult to explain in 
the jdienoincnon of the tables, is the circumstance that by means 
of, it may be said, infinitely small im 2 )ulses, impressed by tlie 
fingers on the mass of wood of which the table consists, a very 
considerable degree of motion should at length be imparted to 
the table. Well, then, I would remark, that in JVfr. Flllcot^s 
experiments, two jiendulum clocks, enclosed in scjiarate cases, 
were suspended from a wooden plank affixed to the same wall, 
and at a distance of 23^ English inches from each other. At 
first only one of these two clocks was going; the second clock 
was at rest; after a certain time tliis second clock was found to 
have been set going by the imperceptible vibrations transmitted 
to its pendulum from the pendulum of the first clock, through 
the medium of the intervening solid bodies. A very singular 
circumstance is, that after a certain time longer, while the pen- 
dulum of the second clock (the one wliich liad at first been at 
rest) vibrated in the largest arc which the construction of tlic 
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clock would permit, tlic pendulum of the first clock, the one 
which at first was the only one going, had arrived at a state of 
entire rest. 

I will not enlarge upon the deductions which may be drawn, 
and which really have been drawn, from the facts just men- 
tioned, because my object has only been to show that there 
already existed in science instances of communicated motion 
analogous to those whiclx have been recently presented by turn- 
ing tables, and of which the explanation does not require any 
of those mysterious influences to which recourse has been had 
in the case of the tables. 
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CHAPTER L 

NOTICE RELATING TO MY OWN OBSERVATIONS. 

Nothing in the vast domain of terrestrial physics is more 
obscure and more uncertain than the causes which everywhere 
occasion tlie three elements of terrestrial magnetism, viz., the 
declination, inclination, and intensity of the force, to vary. 

The magnificent discoveries which have been made in recent 
years on the connection of heat and electricity with magnetism, 
have scarcely tauglit us any tiling on the subject of the causes 
of these singular variations. 

Perhaps this want of success may be to be attributed to the 
io:norance in which we still arc, regardiiii^ the laws which regu- 
late sucli great and singular clianges ; viz., the lawvs of the 
pluenomcna. Thus, for examjilc, previous to 1816, it was 
not known at Paris by any direct observation, wlicthcr the 
horizontal needle, in its secular movement from cast to west, 
Avould arrive at a limit which it would not pass, and from 
Avhcnce, after a short pause, it would return to the eastward. 
The inclination needle gives occasion to similar questions and 
similar doubts. From the date of the earliest known observa- 
tions to the present time, tlie inclination of the needle at Paris, 
reckoning from the horizontal line, has constantly diminislied ; 
but when will this diminution cease ? Of this we are ignorant. 
In regard to the intensity of the force, too few years have 
elapsed since its absolute value has been determined, for the 
question of the change which it may undergo to be even 
approached. 

All, therefore, that can now be hoped, is to provide and 
bring together measurements which will serve as bases for the 
investigations of our successors. I have been enabled to make 
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magnetic observations since 1810. It appeared to me that it 
was ray duty to publish them, and I would not willingly have 
devolved this care on any one else. However explicit may be 
the elucidatory notes written in the margins of the original 
registers, there are always some details which are liable to be 
omitted, and which no one but the person who has directed the 
whole can supply. Unfortunately the state of my eyesight 
forbids my going over the observations myself, and drawing 
from them their results ; and I have, therefore, requested M. 
Barral to undertake this task. 

These observations, to be spoken of In the sequel, have not, 
generally speaking, been made with the same apparatus; the 
instruments employed were executed by different artists. This 
would be a disadvantage if we aimed prineipally at discussing 
annual variations ; but it will be on the contrary an advantage 
Avhere the absolute inclination, for example, is to be reasoned 
on ; for we are entitled to believe tliat tlie unexplained errors, 
affecting in a constant manner and to the amount of a few 
minutes inclinations obtained with different needles, will thus 
be intcrcompensated, and their cflect destroyed. 

The observations of the inclination were generally made at 
the end of the Observatory garden, on a stone pedestal con- 
structed for the purpose. This pedestal was originally in the 
open air, but it has since been protected by a wooden building 
in which no iron fastenings have been used. 

Some years ago an amphitheatre, of which the zinc roof rests 
on iron supports, was added to the west side of the Observatory. 
More recently the east tower of the original Observatory had 
jdaced over it a colossal turning roof, into the construction of 
which a vast quantity of iron enters. These two masses are 
distant 236 English feet from the pedestal on which the in- 
clinations arc measured. 

We have every reason to believe, from the results of several 
trials, that at this distance the iron in question lias produced no 
sensible effect on any of the phenomena of the magnetic 
needle. 
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CHAP. II. 

VARIATIONS IN THE ELEMENTS OF TERRESTRIAL MAGNETISM. 

A NATURAL magnet^ or which comes to the same thing, a mag- 
netised needle, properly suspended, always directs itselPtowards 
tlie polar regions.. It may easily be imagined how great an ad- 
vantage mariners ought to derive from this property for their 
guidance, when clouds or mi^ts veil from them the sun, moon, 
and stars. Unfortunately, the direction of a compass needle 
changes with time and place, according to laws of which the 
knowledge would indeed powerfully contribute to the progress 
of navigation, but which, judging by the results which some 
])hysicists have obtained, would seem to be very complicated. 
It is true, that the earliest observations to which recourse can 
be had arc too recent and too imperfect to furnish a complete 
elucidation ot so difficult a subject. The care whifih> for some 
years past, artists have Ix'stowed on the construction of insfru- 
ments, has enabled observations to be made with considerable 
exactness ; and these have led to tlic discovery of several 
curious i)heii()mcna, which will be s])oken of in this Notice. 

The numbers which determine the geographical, hypsome- 
trieal, and climatological characters of places on the globe, do 
not a[)j)ear, speaking g(‘ncrally, to undergo the slightest altera- 
tion in the course of centuries. It is otherwise with the mag- 
netical elements, — tlie declination, inclination, and intensity of 
the earth’s magnetic force, — these change visibly at each place, 
from year to year, and even from hour to hour. The laws of 
these variations are not perfectly known. Yet is there a 
subject more interesting to navigation? 

Let iis establish for a given year the succession of points on 
the globe where the inclination of the magnetic needle is null. 
The continuous line passing through all these points is called 
the magnetic equator, Tliis C(piator, situated partly to the 
north and partly to the south of the gcograj)hic equator, inter- 
sects the latter at points called nodes. Well, then, these nodes 
change their place. By a gradual movement of translation of 
the magnetic equator, they arc transferred from east to .west ; 
but in the course of this movement docs the magnetic equator 
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itself preserve exactly the same form ? This is a question which 
is not yet perfectly solved. 

If we set entirely aside the apj)lIcations to the interests of 
navigation, of which these phenomena might become the object, 
still the changes from year to year of the declination and in- 
clination, including the above-mentioned cliangc of place of the 
magnetic equator, will not the less continue to be the facts the 
most astonishing, mysterious, and worthy of interest, embraced 
within the vast domain of science. 

The directive action of the globe is evidently the resultant 
of the actiojis of the molecules of wliicli it is composed. How 
is it that this resultant can be thus variable, while the number, 
position, and temperature of these molecules, and, so far as we 
know, all their other ])hysical properties, remain constant ? 
Must we suppose, with Halley, that there exist in the interior 
of the earth moveahle molecules ? Xo scientific body can be in- 
different to the honour of contributing to the resolution of such 
questions. 


CHAR III. 

LOCAL DEVIATION OF THE COMPASS. 

The masses of iron which enter into the construction of ships 
and form their chain cables, cast-iron guns, anchors, &c., exer- 
cise on the magnetic needle an action, which usually causes Jt 
to deviate considerably from the direction which it would take 
under the sole attraction of the earth’s magnetism. This action 
is not the same in all directions of the ship’s head, or on 
all the courses on wliicli she may be steering ; it also changes 
with the [magnetic] latitude. The compass is thcnjfore only 
a safe and secure guide, when the condition is fulfilled, of 
determining experimentally in each ship, when ready to sail, 
the local deviations of the compass in different azimuths ; and of 
afterwards taking a scrupulous account of the changes which, — 
all other circumstances remaining the same, — arc the inevitable 
consequences of a change of geographical position. 

The experiments by the aid of which the elements of calcu- 
lation proper to each ship are to be procured are very delicate ; 
but this is no reason for dispensing with them. We believe 
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that at every port at which vessels are equipped, there ought to 
be a hydrographical engineer charged with the duty of deter- 
mining the coefficients of each ship. The necessity of this 
precaution will be readily admitted for iron vessels, when I 
state, that recently an iron steamer, on her passage from Bor- 
deaux to Brest, found herself in the case of being almost wholly 
unable to determine her route, owing to the irregularities in 
the direetion of her compass. But we maintain that the same 
precautions are requisite for ordinary wooden vessels. The 
waves conceal from us the errors of navigators, as the earth 
covers those of physicians. Wc may not, therefore, be able to 
cite any fatal accident, of which it can bo affirmed with entire 
certainty that it took place in consequence of the local devia- 
tion of the compass needle ; but we may, at any rate, support 
our views In some measure by probabilities borrowed from the 
English navy. 

In the winter of 1811-1812, the Hero,” of 74 guns, was 
lost in the Tcxcl, in coming from the Categat, with several 
merchantmen under her convoy. Only eight seamen were 
saved. 

The St. George,” of 98 guns. Admiral Reynolds, and the 

Defiance,” of 74, experienced the same fate on the coast of 
Jutland. The Admiral, the captain of the Defiance,” and 
above two thousand sailors were drowned. 

In 1810, the Minotaur,” of 64 guns, was wrecked at the 
mouth of the Texel, on the 22nd of December. Three 
hundred and sixty seamen perished. 

Scorcsby thinks there is a very great probability that these four 
shipwrecks would not have taken place, if the commanders had 
been acquainted with the means of taking into account the local 
deviation of the compass. 

In 1804, sixty-nine merchant vessels sailed from Cork under 
the convoy of two English ships of war, the Carysford” 
and the Apollo.” On the night of the 2nd of April, when 
the Apollo” was by estimation a hundred miles from land, 
she struck on the coast of Portugal, near Cape IMondego. 
Twenty-nine merchantmen who had shaped their course by 
that of the Apollo” were also wrecked. Nearly three 
hundred seamen perished in the catastrojdic. 

This terrible shipwreck was long attributed to the action of 
currents, but the discussion which Scoresby has gone into on 
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the subject appccors to show, that- its cause is rather to be 
ascribed to a want of knowledge on the part of those by whom 
the course was directed, of the influence of tlie shin’s iron on 
her compass needle. 


CHAP. IV. 

MEANS OF IMPROVING COMPASS OBSERVATIONS AT SEA. 

The compass is doubtless the instrument wliich has been most 
useful to navigators. But have magnetic instruments been 

* [“Practical llulcs” for ascertaining the coeflicients of local attraction in 
a ship, and for forming tables from them showing the true magnetic course 
corresponding to every compass-course, and the compass -courses correspond- 
ing to the true courses, were drawn up under the direction of the Lords of 
the Admiralty in 1840; and, since that period, have been supplied to all 
ships and vessels of war in the British service. In addition to the “ Practical 
Rules,” an oflicer was appointed (Captain Edward Johnson, of the Royal 
Navy, F. li. S., who Lad previously given much attention to the subject), 
for the express purpose of ]>ersonally superintending the execution of the 
directions which they contained, in all Her Majesty’s iron vessels and 
steamers, and occasionally aLo in wooden ships in cases where the local 
attraction was either unusually large, or presented features of unusual dif- 
ficulty. With the advantage of this j)ersonal instruction, in addition to the 
practical rules, the officers of the ship were expected to be competent to 
repeat the determination of the co(‘flicionts, and to form new tables (wliich 
they were strictly enjoined to do) after every considerable change of geo- 
graphical position, and particularly after passing from the high or middle 
latitudes to the tropics, or from one hemisphere to the other. 

These arrangements are quite in accordance, as will be seen, with M. 
Arago’s wise and sagacious remarks; but the provision which they have 
made applies solely to the ships and vessels of the Itoyiil navy. There 
exists as yet no similar provision for the great mercantile marine of this 
country, of which iron ships and steamers now form a notable portion. The 
Editor gladly avails himself of this opportunity of expressing his entire con- 
currence in the opinions of JM. Aiago, that in all large poits, at least, in 
which vessels are equipped, a competent person should be appoiiitial, whose 
duties should be, — to select in every ship an advantageous position fora 
standard comjiass, combining the two requisites in such selection of a man- 
ageable local attraction, and of convenient access for navigating the shi|), — 
to determine experimentally the local deviations of the standard compass in 
different azimuths, — to instruct the Master how to repeat the same on future 
occasions, — and to see that he rightly and thoroughly understands the de- 
duction of the true magnetic coui'ses from those of the standard compass, and 
of the course by the standard compass corresponding to the true course 
which he desires to steer. The performance of these duties on the part of 
the person so appointed, to be imperative, at least in all cases of iron ships 
arid steamers, by a regulation that no such ship should be permitted to leave 
the port until a certificate should be produced that they have been xiuly 
performed.] — Editor, 
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rendered as useful as possible to navigation ? It is permitted to 
doubt whether this ffas been done. First, no use whatsoever 
has been made of the dipping needle as a means of guidance in 
tlic immensity of the ocean. It may be said that the dip is 
difficult to observe with precision at sea but even the obser- 
vations of the declination of the compass arc only susceptible of 
a very moderate degree of precision in a ship under way. The 
reason in both instruments is, 1st, that when the suspension is 
delicate, the motion of the needle occasioned by lhat of the 
ship is frequent and irregular, so as to make even the mean 
uncertain; and, 2nd, lhat all arrangements in the mode of 
suspension, having for their object the diminution of the mo- 
bility of the needles, affect very sensibly the exactness of the 
observations. 

There exists, however, a means, independent of the mode of 
suspension, of diminishing the number and extent of the vibra- 
tions of a needle, by the help of which oscillations of 90° are 
almost instantaneously reduced to 1° and less, without in the 
least degree impairing the mobility of the needle. This means 
is a result of the discovery which I made of the phenomena of 
rotation-inagnetisni. Plates of copper, suitably arranged, would 
effect this object. 

Instruments which should secure this valuable practical result 
would not be difficult of construction, and when prepared, it is 
highly desirable that they should be submitted to the decisive 
test of experience under the care of practised vseamen. To de- 
termine the latitude in cloudy weath(*r by the sole aid of tlie 
dipping needle, — and both latitude and longitude by the single 
observation of the declination, — in parts of the globe where the 
course and direction of the magnetic lines perjiiit this to be done, 
would be to introduce a ncAV feature in the art of navifratlon.* 

o 

* [The application of M. Arago’s discovery of rotation^magnetism sug- 
gested in this Chapter, has been in use in tlie standard compasses of the 
IMtish navy since 1839, liaving been. adopted on the recommendation of a 
committee appointed by the Lords of the Admiralty for improving the com- 
passes of the Royal Navy. Plates of copper would have been inconve- 
nient, because the compass rccpiircs to be read from above, and (on board a 
man-of-war) to be lighted at night from below, that no light may be visible 
on deck. Therefore, the top and bottom of the compass-bowl are neces- 
sarily of glass ; but the cylindrical part of the bowl is made of copper one- 
tenth of an inch thick, carefully turned so as to permit the needle to vibrate 
freely, but with its poles as near as possible to the copper without touching 
it. The degree in which the vibrations are checked by being thus made in 

Y 
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CHAP. V. 

ON THE DECLINATION. 

The loadstone, or natural magnet, according to the analysis of 
Bucliolz, is a combination of protoxyde and sesqui-oxyde of 
iron. The most obvious property of the magnet, or loadstone, 
is the attraction which it exercises on iron. The ancients were 
acquainted with this, but were entirely ignorant of its directive 
property. Tlicse properties arc communicable to iron, nickel, 
cobalt, and chrome ; they become pennanent in steel, which is 
the substance of which ordinary magnets or magnetic needles 
are made. Pure iron is not susccplible of acquiring permanent 
magnetism ; in order that it may do so, it must be combined 
with certain pro])ortions of carbon, phosphorus, and sulplmr. 

It is customary to give the name of declination to the angle 
formed by the dii’cction of the geographical meridian and that 
of a magnetic needle placed on a vertical point or pivot, or sus- 
pended by a thread free from toi>ion, in sucli manner that it 
is horizontal. 

The existence of the declination of tlic magnetic needle is 


close proximity to the copper is shown by the following experiment made 
by two of the members of the committee referred to, viz. Captain Sir 
James Clark lloss and Captain Edward Johnson, both of the Royal Navy. 
“ One of the committee’s compass needles was suspended by fibres of silk in 
a wooden bowl of exactly the same dimensions as its own copper bowl. It 
was then drawn out of the meridian, and set in vibration in an arc of 22°. 
The length of time which elapsed before the arc of vibration was reduced 
to 2° was above eighteen minutes, and the number of vibrations 134. llie 
wooden bowl was then rejdaced by the copper one, the needle remaining 
suspended as before, and the experiment repeated. The arc was now re- 
duced from 22° to 2° in four minutes, and the number of vibrations was 
30 instead of 134.” (Extract from the Report of the Compass Committee, 
1 840, taken from the original draft in the Editor’s possession.) 

* [That which M. Arago here terms the declination of the needle is more 
usually called by British seamen the variation of the needle ; and some little 
displeasure has occasionally been manifested when English writers have 
r3mployed the more generally used term of “ declination.” But those wlio 
have occasion to discuss the many variations (diurnal, annual, secular, &c.), 
which the variation undergoes, often find an advantage in using the term 
declination for the clement which undergoes such variations, over and above 
its being the term employed by physicists of all nations.) — Editor. 
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clearly indicated in the manuscript work of Peter Adsiger, 
existing in the Library of the University of Leyden, and bear- 
ing date 1269. In the same work, the author describes the 
compass as a means of directing the course of a ship at sea. 
( Traite du MagnetismCy par Cavallo, 3rd edition. Supplement.) 

It is to Christopher Columbus that we owe the discovery of 
the change in the declination in the magnetic needle in passing 
from one part of the globe to another; he remarked it during 
his first voyage, on the 13tli of September, 1492, being then 
two hundred leagues from the Isle of Ferro. The declination 
towards the west augmented continually as he advanced west- 
ward from that meridian, having been previously towards the 
east. (^Hlstoire de Colombo vol. i. p. 162., and Las Casas, book 
i. chap, vi.) 


CHAP. VI. 

ON THE CHANGE WHICH TAKES PLACE IN THE DECLINATION AT A 
GIVEN PLACE FROM YEAR TO YEAR. 

The horizontal magnetic needle makes with the terrestrial 
meridian an angle which varies from year to year. Its direc- 
tion appears to oscillate on cither side of the terrestrial meridian 
in arcs of which we are not yet able to determine the amount. ’ 
According to the oldest observations made at Paris, the de- 
clination was at first easterly. From that time for more than 
two centuries the needle has moved gradually towards the west, 
as appears by the following figures : — In 1580, the declination 
was cast, and was equal to ll'" 30'. In 1618, it was still east, 
but not more than 8°. In 1663, the needle pointed direct to- 
wards the pole of the earth. It remained two years in this 
position, and has subsequently moved constantly from the pole 
towards the west. 

The declination of the magnetic needle in 1667, according to 
the observations of the academicians made on the site where 
the Observatory was to be built, was on the 21st of June 15 
minutes west. (^Acad. des Sciences^ t. i. p. 44.) 
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In 1678 the west declination was already 
In 1700 it was - - - 

In 1767 it was - - - . 

In 1780 it was - 

In 1785 it was - - - . 

In 1805 it was - - - . 


Pegroes. 

MinutfiS. 

1 

30 

8 

10 

19 

16 

19 

55 

22 

0 

22 

5 


Commencing with 1810, I have made regular dctci’minations 
of the declination at the Observatory, with instruments by 
Lenoir and Gambey. 1 subjoin a table of all the results ob- 
tallied up to the present year, 1853, indicating the day and hour 
of eacli determination. These are particularised, because at a 
given place the declination is subject to continual cliangc ; an 
important point, to which we shall revert in a special cliapter. 


Years 



Days and Hours of 

Names of the 

' 

Doclinatioii. 

Observation. 

Observers. 

1806 

21' 

" 51 ' 

16tli hlay, at Noon. 

Bouvard. 

1807 

22 

25 

7tli October, 


1808 

22 

19 

7th October, 

,9 

1809 

22 

6 

24th February, 


1809 

21 

55 

11th August, 

»> 

1810 

22 

16 

13th March, at lli. p.m. 

Arago. 

1811 

22 

25 

15th October, at Noon. 

99 

1812 

22 

29 

9th October, 2h. 30m. p.m. 

99 

1813 

22 

28 

30lh October, Noon. 

99 

1814 

22 

34 

10th August, Noon. 

99 

1816 

22 

25 

12th October, 3h. p.m. 

99 

1817 

22 

19 

10th February, Noon, 30m. 


1818 

22 

26 

15th October, 9h. a.m. 

9> 

1819 

22 

29 

22nd April, 2h. p.m. 

99 

1821 

22 

25 

26th October, Noon. 

99 

1822 

22 

11 

9th October, Noon. 

99 

1823 

22 

23 

21st November, Ih. 15m. p.m. 

99 

1824 

22 

23 15" 

13th June, 111 . 15iu. p.m. 

99 

1825 

22 

12 48 

18th August, 8h. 40m. a.m. 

99 

1825 

22 

21 31 

18th August, Noon. 

99 

1827 

22 

20 

8th July, Ih, 8m. p.m. 

99 

1828 

22 

5 57 

7th August, 8h. 7m. a.m. 

99 

1829 

22 

12 5 

3rd October, 2h. 45m. p.m. 

99 

1832 

22 

3 

4th March, llh. 35m. a m. 

99 

1835 

22 

4 

9th November, Ih. 8m. p.m. 

99 

1848 

20 

41 

22ud December, Ih. 45m. p.m. 

Laugicr & Goujon. 

1849 

20 

34 18 

30th November, Ih. 25m.,r.M. 

Mauvais & Goujon. 

1850 

20 

30 40 

4th December, Ih. 45m. p.m. 

Laugier & Mauvais. 

1851 

20 

25 

16th November, Ih. 2m. p.m. 

99 

1852 

20 

19 

3rd December, 2h. 12m. p.m. 

»> 


Thus we see that, judging only by these results, it was about 
1814 that the magnetic needle reached its greatest westerly de- 
clination ; since that epoch, it has returned towards the east, 
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but at first only very slowly. As at the end of its westerly 
excursion its progress was very slow, so the commencement of 
its course in the opposite direction could not but be slow also. 

We were the first to announce (in the Annuaire^for 1814) 

that the progressive movement of the magnetic needle towards 
the west appeared to have become continually slower of late 
years, which seemed to indicate that after some little time longer 
it might become retrograde.” However,” we added, as the 
needle has already in former times been stationary for several 
years together, it will be prudent to await ulterior observations 
before definitively adopting this conclusion.” 

In 1817 (Sec Annales de Chiinle ct de Physique,” 2emc 
serie, t. vi. p. 443), we thought wc might dismiss our reserve. 
We then said: On the lOth of February, 1817, at one hour 
after noon, the magnetic needle pointed 22^^ 19' to the west of 
north. This observation, when compared with the results of 
the two preceding years, seems no longer to leave any doubt as 
to the retrograde movement of the magnetic needle.” 

This conclusion was not immediately admitted. Colonel 
Beaufoy at first thought to invalidate it from the observations 
which he had made in London from 1817 to 1819. {Annales de 
Chimie et de Physique^ t. xi. p. 332.) But this skilful observer 
soon gave up his first imj^ression, and came entirely into our 
views, which are now corroborated by a retrogression which has 
continued for nearly forty years. Our conviction had been 
based on more than twelve thousand observations, not of abso- 
lute declination, but of the needle emj)loyed in observing the 
diurnal variation, which could leave no room for doubt. 

It was already sufficiently difficult to Imagine what could be 
the kind of change in the constitution of the globe, which could 
act during one hundred and fifty-three years, in gradually trans- 
ferring the resultant of the magnetic forces of the globe from 
due north to 23° west of north. We see that it is now neces- 
sary to explain, moreover, how it has happened that this gradual 
change has ceased, and? has given place to a return towards the 
preceding state of the globe. 

Tlie gradual movement towards the west, as Cassini was the 
fii'st to recognise, did not take place without several fluctuations. 

The following table, borrowed from Gilpin, will show that 
tlic London observations had given results analogous to those 
of Paris, as respects the diminution of the westerly movement. 
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Year of 
Observation. 


Name of 
Observers. 

1580 



Burrows 

1622 

. 

- 

Gunter 

1634 

- 

- 

G el li brand 

1657 

- 

- 

Bond - 

1665 

- 


Gcllibrand 

1672 

- 

- 

Halley - 

1692 

- 

- 


1723 

- 

- 

Graham - 

1748 

- 

- 


1773 

- 

- 

Hoberdon 

1787 

- 

- 

Gilpin - 

1795 

- 

- 

5» 

1802 

- 

- 

jy 

1805 

- 

- 



Declination 


observed. 

IP 15' E. 

6 -0 
4 6 r 

0 0 { 

1 22 W. " 

2 30 
6 0 

14 17 
17 40 
21 9 

23 19 

23 57 

24 6 

24 8 


Mean Annual 
Change of the Declination 


between these 
different Epochs. 


}■ 


■}- 


i: 


}- 


7' 

9 

10 

10 

9 

10 

16 

8 

8 

9 

4 

1 

0 


By observations^ continued with a highly ])raise\vorthy zcal^ 
from 1817 to 1819, at Bushey Heath, near Stanmore, in 51"" 
37' 42" nortli latitude, and 1' 20"*7 west longitude from 
Greenwich, Colonel Beaufoy came to the conclusion, that. the 
needle reached the limit of its western digression in March, 
1819, and that it is now moving eastward. The following is 
an epitome of his observations : — 


January 

February 

March 

April 

May 

June 

July 

August 


r Morning - 
Noon 

(^Evening - 

f^Iorning - 
-! Noon 
t Evening - 

r^Iorning - 
-I Noon 
[Evening - 

r Morning - 
J Noon 
[Evening - 

r Morning - 
4 Noon 
[ liVening - 

f Morning - 
4 Noon 
[Evening - 

rjMoriiing - 
4 Noon 
[Evening - 

f Morning - 
4 Noon 
[Evening - 


Declination 
in 1817. 


24"^ .31' 52" 
44 43 
35 58 

24 32 20 
42 35 
34 45 

24 31 9 

42 14 

34 45 

24 31 14 
42 6 

35 43 

24 *33 2 

42 51 
33 45 


Doclination 
in 1818. 


24° 

34' 

2" 


39 

57 

24 

34 

22 


40 

51 

24 

33 

18 


41 

37 


33 

47 

24 

34 

6 


44 

50 


36 

36 

24 

36 

18 


45 

49 


38 

35 

24 

33 

47 


45 

11 


37 

40 

24 

34 

24 


44 

59 

* 

38 

14 

24 

34 

40 


45 

58 


37 

50 


Differences,. 


+ 2' 14" 
-f 0 7 

-b 0 58 

4- 3 58 
+ 3 14 
-f 3 50 

-h 2 38 
4- 2 57 
+ 2 55 

+ 3 10 
4- 2 53 
4- 2 31 

•4 3 24 
4 3 7 

4 4 5 
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Declination 
in 1817. 

Declination 
in 1818. 

DifTerences. 


r IVIorning 

. 

24 

33 

2 

24 

34 

29 

+ 

1 

27 

September - 

1 Noon 

- 


41 

36 


45 

22 

+ 8 

46 

1 Evening 

- 


34 

38 


37 

28 

+ 2 

:5o 

October j 

f Morning 
[Noon 

- 

24 

31 

40 

6 

46 

24 

35 

33 

26 

28 

+ 4 
• + 2 

20 

42 

November H 

1 

r IVIorning 
[Noon 

- 

24 

31 

37 

49 

55 

24 

33 

41 

24 

41 

4- 

4- 

1 

3 

35 

36 

December j 

f Morning 
[Noon 

" 

24 

34 

38 

3 

2 

24 

37 

41 

4 

20 

4 

4- 

3 

3 

1 

18 




Declination 

Declination 








in IHIO. 


in 1820. 




January j 

f Morning 
[Noon 

“ 

24° 

35' 

39 

42" 

54 

24° 

34' 

37 

6" 

54 


1' 

2 

36" 

0 

February *j 

f Morning 
[Noon 

- 

24 

34 

39 

17 

55 

24 

32 

38 

19 

7 

— 

1 

1 

58 

48 


IVIorning 

• 

24 

33 

18 

24 

30 

47 

— 

2 

31 

March i 

Noon 

. 


41 

42 


39 

33 

— - 

2 

9 


Evening 

- 


35 

17 


33 

45 

— 

1 

32 


f Morning 


24 

32 

36 

24 

30 

38 

— 

1 

58 

April 

Noon 

- 


43 

9 


40 

29 

— 

2* 

40 

[Evening 

- 


34 

59 


31 

58 

— 

3 

1 


r Morning 


24 

32 

42 

24 

30 

42 

— 

2 

0 

May 

Noon 

- 


41 

22 


40 

8 

— 

1 

14 

veiling 



34 

10 


33 

0 

— 

1 

10 


r IVIorning 

. 

24 

31 

28 

24 

29 

50 

— 

1 

38 

June 

Noon 

- 


41 

41 


39 

16 

— 

2 

25 


[Evening 

- 


35 

9 


33 

48 

— 

1 

21 


r Morning , 

- 

24 

32 

31 

24 

28 

41 

— 

3 

50 

July 

Noon 

. 


42 

12 


39 

0 

■— 

3 

12 

[Evening 

- 


34 

24 


33 

26 

— 

2 

11 


r Morning 

. 

24 

32 

33 ' 

24 

30 

25 

— 

2 

8 

August 

Noon 

- 


42 

49 


40 

0 

— 

2 

49 


[Evening 

- 


34 

24 


33 

14 


1 

10 


r IVIorning 

. 

24 

32 

29 

24 

31 

16 

— 

1 

13 

September - 

Noon 

- 


41 

35 


40 

29 

— 

1 

6 

[Evening 

- 


33 

27 


32 

59 

— 

0 

28 

October j 

' Morning 
Noon 


24 

33 

40 

27 

8 

24 

31 

37 

0 

33 

— 

2 

0 

27 

35 

November j 

r Morning 

L Noon 

- 

24 

32 

38 

42 

43 

24 

32 

37 

23 

38 



0 

1 

19 

5 

December | 

'IVIorning 

Noon 

- 

24 

33 

37 

29 

20 

24 

33 

36 

3 

34 

— 

0 

0 

26 

46 

By subtracting the declinations observed in 

.1819 from those 


determined at the same hours in 1818, we should also find a 


column of negative differences, but beginning only from the. 
month of April; the month of April in 1819 is therefore the 

Y 4 



328 


METEOROLOGICAL ESSAYS. 


epoch which Colonel Bcaufoy’s observations assign as the com- 
mencement of the retrograde motion of tlic magnetic needle. 

In order to see at a glance what may be supposed to be the 
mean rate of easterly motion, we will collect all the observa- 
tions made at the same hours in each year. 


Forenoon - 
Noon 

Afternoon - 


Forenoon - 
Noon 

Afternoon - 


Forenoon - 
Noon 

Afternoon - 


Mean 

Declination 


in 1818. 

24° 34' 

33" 

24 

43 

26 

24 

37 

10 

Mean 

Declination 


in 1810. 

24^ 

* 33' 

06" 

24 

40 

52 

24 

34 

43 

Mean 

Declination 


in 1820. 

24" 

' 32' 

16" 

24 

39 

4 

24 

33 

10 


Differences between 
1818 and 1811). 

— 1 ' 32 " 

— 2 34 

— 2 27 


DiiferoncpsXetwecn 
1811) aiul 182)). 

— V 50" 

— 1 48 

— 1 33 


Tli6 mean annual retrogression was therefore equal to V 57^'. 

TJic total motion towards the east between 1818 and 1820, 
was, according to this table ; — 

By the comparison of the morning observations • 3' 22" 

By that of the noon observations - - - 4 22 

And lastly, by the evening observations - -40 

As these quantities arc greater than the errors of observa- 
tion, they indicate the retrograde movement of the needle with 
great •probability'^ ; it is right, however, to remark, that a similar 
movement towards the cast of 3' appears to have taken place 
in London between the years 1790 and 1791, and that never- 
theless the westerly march recommenced in 1792, and continued 
from that time in the same direction. 

Colonel Bcaufoy published in the May number of the An- 
nals of Philosophy,” 1822, a detailed table of observations lor 
the month of March of the same year. The mean declinations 
resulting from this tabic were : — 

Morning, or 8h. 3'2m. a.m. - - - 24° 27'' 38" 

Noon, or Ih. 29m. p.M. - - - 24 36 30 

Evening, or Gh. 20m. p m. - - - 24 28 45 


These numbers, when compared with those of March, 1819, 
give for the retrograde motion of the north end of the needle 
during three years : — 
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By the morning observations - - - 5' 20" 

By those of an hour and a half past noon - - 5 6 

And by the evening observations - - - 6 32 

Mean 5 46 


whence the mean annual retrograde motion is V 55''. 

It would seem that the retrograde motion of the needle to- 
wards the west was manifested earlier in the more northern 
regions than in our parts of the globe : for 1 find in a memoir 
by Wlengel Annals of Philosophy,” July, 1819, p. 57.), the 
following statement I’cspccting the magnetic declination at 
Copenlnagen : — 


1649 
About ‘1656 
1672 
1806 
1817 


1° 30' E. 

0 

3 35 W. 

18 25 W. 

17 56 W. on the 
8 th of September at 2h. i».m. 


Jn 1737, at Tornca, the declination was 5° 5' W. by a mean 
of the indications of four difterent needles (Maupertuis, Fiff, de 
la terre^ p. 152.); and in 1695, Bilberg liad found it 7*^ W. 

A circumstance worthy of notice, and which results from the 
preceding tables, is that the declination was null at Copen- 
hagen sooner than in London and Paris, and also null in London 
sooner than in Paris. 


CHAP. VII. 

VAUIATION OF THE DECLINATION AT DIFFERENT POINTS ON THE 
SUJiFACE OF THE GLOEE. 

In passing from one place to another on the surface of tlie 
globe, we see the declination of the needle vary very sensibly ; 
a fact first remarked by Columbus. In certain parts of the 
globe — in Europe, for example -^hc declination is at present 
westerly ; in other parts it is easterly ; and for a scries of in- 
termediate points, forming lines of no declination, the needle 
assumes a true north and south direction, or is directed towards 
the polos of the earth. 

Hitherto three lines of no declination have been observed, 
and have been traced by navigators to more or less high lati- 
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tudes. They have been drawn on many maps of the globe, but 
the changes continually taking place in the declination cause 
their positions and forms to be constantly varying. We have 
seen above, that one of tlie lines passed through Paris in 1663 ; 
since that period it has been continually advancing towards the 
west, for it now passes not far from Philadelpliia. 

* [This sentence must have been penned before the publication, in 1819, 
of M. Ilansteen’s elaborate work entitled “ Untersuchungen iiber den Mag- 
netismus der Erde,” or at least before M. Arago had found leisure to study 
its contents with the attention they deserve. In this work, M. Ilansteen 
has collected all the most trustworthy magnetic observations from the 
earliest dates, and in reference to those of the dedimtion in particular, has 
formed from them maps of the declination lines for the years IGOO, 1700, 
1710, 1720, 1730, 1744, 1756, 1787, and 1800, by which we are enabled to 
trace the general order of the progressive changes in form and position 
which those lines have undergone with a confidence previously unattainable. 
We learn from this assemblage and classification of the facts of observation, 
that the line of no declination referred to in the text — forming two branches, 
including between them a region of easterly declination which in 1600 over- 
spread the whole of AVestern Europe, and of^which the western branch passed 
over London in or about 1657, and Paris in or about 1663 — has been since 
carried, by a progressive movement of translation, not towards the we&t^ as 
erroneously apprehended by Arago, but towards the caaL In the maps of 
the subsequent epochs, this system or arrangement of lines continually re- 
appears, occupying ground progressively more and more to the east ; and 
in more recent maps than M. Ilansteen’s, constructed from observat^ns made 
subsequent to the publication of the “ Magnetismus der Erde,” it is seen to 
have now reached the eastern parts of Siberia, still presenting a similar ar- 
rangement of two branches of a line of no declination enclosing between 
them a region of easterly declination. 

As in the middle latitudes of the northern hemisphere (in those parts, at 
least, which arc now in question), the general movement of translation of 
the declination lines has been from west to east, so in the middle latitudes of 
the southern hemisphere — in the South Atlantic and Indian oceans, for 
example, — the general movement of translation of the declination lines 
during the same period has been in the opposite direction, or from east 
to west. Tlius the South Atlantic branch of the line of no declination 
which, in 1600, skirted the African shore of the Atlantic from the Equator 
to the Cape of Good Hope (and prolonged itself still farther to the South 
in the same direction), has been carried by the movement of translation 
progressively across the whole breadth of the Atlantic to the position 
which it is seen to occupy in the map corresponding to the year 1840 
(Phil. Trans., 1849.), entering tffc South American continent from the 
S.S.W., near Kio de Janeiro, and crossing the north-eastern angle of the 
South American continent in a prolongation of the same direction, to the 
equatorial regions, where it is now connected with a North American line of 
no declination, which passes not far west of Philadelphia. Thus, in the 
lapse of 250 years, the South Atlantic line of no declination, which in 1 600 
was connected through the tropics with the easternmost of the two (then 
European) branches of a line of no declination, has, by the opposite move- 
nients of translation which take place in the two hemispheres, been dis- 
joined from that connection, removed across the whole breadth of the At- 
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The term magnetic meridians'^^ has sometimes been applied 
to lines, on moving along which with a compass the. same 
angle of declination would constantly be found. 

Lines drawn at the surface of the globe in directions always 
perpendicular to the magnetic meridians, have been called 
magnetic parallels. Captain Duperrey, in 1836, published 
maps conttaining these two kinds of lines, such as they then 
resulted from the observations of declination. As follows from 
what we have stated above, such lines vary with the lapse of 
time. 

The greatest declinations of the magnetic needle were those 
observed during the voyages of Cook and Dc Langle. Cook, 
in 60° 51' S. lat., and 95° 41' cast long., found the compass 
needle deviate 43° 6' to the west ; and De Langle, about the 
62nd degree of N. lat., between Greenland and Labrador, 
observed a declination of 45° ; the needle pointing, therefore, 
as much to the west as to the north. 

lantic, and is now joined to a North American line of no declination ; whilst, 
in the same interval, the two branches of what was the European line of no 
declination in 1(500 have been carried by an opposite movement almost to 
the eastern limits of the Asiatic continent. The disjunction of the South 
Atlantic line of no declination from the European line, and its connexion 
with the American line of no declination, appear to have taken place before 
1700; and the latter connection has ever since subsisted, although the form 
of the line, continuous through both hemispheres, has undergone considerable 
change in consequence of the different movements of translation which 
aflect its different parts. 

The phenomena which have #)ecn thus referred to are portions of that 
great system of secular magnetic change which, in a previous chapter (II.), 
is justly pronounced by M. Arago to be, amongst the facts which Nature 
presents to us, “ the most astonishing, mysterious, and worthy of interest 
embraced in the vast domain of science.” We have indeed made some 
progress of late years in acquiring a better knowledge of the facts than was 
previously possessed, and in laying a more substantial foundation for the 
determination hereafter of the elements of this great and constantly-pro- 
gressive systematic change in the directive influence of the globe. But all 
attempts that have hitherto been made to connect the secular magnetic 
change with any other physical phenomena, either terrestrial or cosmical, 
have signally failed ; and we can therefore only repeat M. Arago’s inquiry, 

“ How is it that the directive action of the globe, which is evidently the 
resultant of the actions of the molecules of which it is composed, can be thus 
variable, while the number, position, and temperature of these molecules, 
and, as far as we know, all their other physical properties, remain constant ?”] 
— Editor, 

* [It is curious that this paragraph, which must evidently have been written 
before the publication, in 1821, of the Narrative of the British Arctic Expe* 
dition in 1819-20, should have been left in its present state by M. Arago 
without either note or addition ; and thus that an Essay bearing M. Arago’s 



33d 


METEOROLOGICAL ESSAYS. 


CHAP. VIIL 

ANNUAL VARIATION OF THE DECLINATION. 

The magnetic nccJlc, besides the general movement which 
carries it gradually from year to year towards the east or 
towards the west, — besides the diurnal variation of which we 
shall speak in the next chapter,— and besides the irregular 
variations which wHl engage our attention in a special notice on 
the Aurora Borealis, — is subject to an annual variation, disco- 
vered by Cassini, and which appears to be connected with the 
positions of the sun relatively to the ecpiinoxes and solstices. 

According to Cassini, in the interval from the month of 
January to that of April, the needle (at Paris) recedes from 
the North l^ole, causing an increase of west declination. 

From April to the beginning of Jidy, or during the whole 
interval between the vernal c<[uinox and the SMinmer solstice, 
the declination diminishes, oi’, in other words, the north end of 
the needle returns towards the pole. 

After the summer solstice, and until the next vernal equinox, 
the needle, according to Cassini, resumes its march towards the 
west, in such manner as to make its direction in October nearly 
identical with its direction in May ; the westerly movement from 
October to March being less than in the three })receding months. 

Briefly summing up this statement, wc find an easterly retro- 
grade movement in the three months^from the vernal equinox to 
the summer solstice, and in the remaining nine months of the 


name, and published in 1854, should still record, as the greatest amount of 
declination ever observed in the Northern hemisphere, 45° W., observed by 
De Langle on the coast of Labrador ! JM. Arago was far too much interested 
in magnetic researches, and too well-informed respecting them, not to have 
learned the far more remarkable directions of tlic compass-needle, which 
have been observed by all the British expeditions which have passed through 
Barrow’s Strait; and his writings abound in instiinces in which he has 
shown no indisposition to recognise the advances in scientific knowledge 
made by other nations than his own. On every account, therefore, the 
omission must be regarded as one of pure inadvertence. 

Reference has been made in this note more particularly to the Expedition 
of 1819-20, because it was the first which crossed, in its westerly course in 
1819, and recrossed, in its return in 1820, the line of 180° declination, — in 
other words, the line in which the north end of the needle points due south, 
and which, in the amount of the declination, can never be exceeded.] — Editor, 
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year a general movement in the opposite direction, or towards 
the west. * 

As the diurnal variation of a magnetic needle is of very 
sensible amount, so that many different declinations may be 
observed in the course of every twenty-four hours, it may be 
asked which of these different quantities are employed in tlic 
establishment of the above laws ? I answer that these laws 
could be established by employing either all the maxima, or all 
the minima, of tlie daily observations ; but that, in order to 
render Cassini’s results numerically comparable with others 
which I shall cite later, I have deduced from his data the values 
of the mean declinations, and have formed the following table 
from them only. 

I ought to state that, both here and in^what has gone before, 
I have taken, as the mean declination of the needle’ on a given 
day, the half sum of the greatest and least declination observed 
on that day ; without examining for the jiresent whether that 
half sum correctly represents the true mean in the mathematical 
sense of that expression. 

The mean declination corresponding to the montli is obtained 
by adding togetlier the means of all the days in the month, and 
dividing the sum by the number of those days. 


Table of Mean Declinations at Paris, 



I7S1. 

1785. 

1780. 

1787. 

1788. 

Mean of 

5 Years. 

J aniiary 

— 4' 

29" 

18' 

19" 

27' 

3" 

33' 

9" 

39' 

31" 

22' 

43'' 

February 

— 4 

53 

20 

2 

27 

36 

37 

42 

41 

25 

24 

22 

March 

+ 2 

53 

19 

44 

28 

36 

48 

59 

40 

46 

28 

12 

April 

4- 3 

39 

19 

12 

’ 30 

47 

49 

58 

53 

21 

31 

23 

jMay 

+ 2 

39 

17 

31 

27 

51 

46 

47 

49 

58 

28 

57 

June 

— 2 

59 

14 

26 

17 

43 

40 

4 

46 

46 

23 

12 

July 

— 2 

31 

14 

26 

20 

56 

35 

26 

46 

17 

22 

55 

August 

— 0 

58 

15 

39 

20 

39 

37 

50 

45 

19 

23 

42 

September -j- 3 

13 

18 

9 

24 

57 

42 

33 

46 

17 

26 

2 

October 

+ 9 

58 

21 

11 

30 

54 

47 

42 

52 

6 

32 

22 

November 

+ 12 

18 

20 

32 

26 

52 

35 

18 

54 

42 

31 

08 

December 

+ 13 

54 

27 

13 

32 

30 

39 

12 

52 

1 

32 

58 


Tlie negative numbers contained in the column for 1784, 
show that in that year the needle pointed to the right of the 
zero of the scale. The degrees arc not given, as they are use- 
less in tfte present question. 

Let us now assemble, in the same manner, the observations 



334 


METEOROLOGICAL ESSAYS. 


made in London by Gilpin, near the epochs of the equinoxes 
and solstices. 


Table of Mean Declinations at London, 


Years. 


March. 



Jul}’. 


September, 

December. 

1793 

23' 

48' 

8" 

23'* 

48' 

5" 

23° 

52' 

G" 

23° 

52' 

3 

1795 

23 

57 

5 

23 

57 

1 

24 

0 

4 

23 

59 

4 

1796 

24 

1 

1 

23 

58 

7 

24 

0 

1 • 

24 

1 

3 

1797 

24 

] 

5 

24 

0 

2 

24 

1 

4 

24 

1 

3 

1798 

24 

0 

6 

24 

0 

0 

24 

1 

4 

24 

1 

4 

1799 

.24 

1 

1 

24 

0 

6 

24 

2 

9 

24 

2 

3 

1800 

24 

3 

6 

24 

1 

8 

24 

3 

6 

24 

3 

3 

1801 

24 

5 

2 

24 

2 

8 

24 

3 

8 

24 

5 

4 

1802 

24 

() 

9 

24 

5 

3 

24 

8 

7 

24 

6 

8 

1803 

24 

8 

0 

24 

7 

0 

24 

10 

5 

24 

10 

7 

1804 

24 

9 

4 

. 24 

6 

0 

24 

8 

9 

24 

9 

0 

1805 

24 

8 

7 

24 

7 

8 

24 

10 

0 

24 

9 

4 


24” 

2 

1 

24 ” 

1 

”3 

24~ 

3 

T 

24~ 

3 

"g 


These observations, like those at Paris, give a maximum 
of declination about the vernal equinox, and a minimum at the 
summer solstice ; but the amount of difference, or the amplitude 
of the oscillation, is here much less. This smaller amount does 
not seem to me to be capable of explanation by imperfections of 
the point on which Gilpin’s needle was suspended, since the same 
observations show, in the different seasons, diurnal variations 
as great as those indicated by a needle suspended by a silken 
thread. Without professing to point out in this place the 
cause of so singular a difference, I may be permitted some com- 
parative remarks Avliich may not be without interest. 

The period of 178G, when Cassini was observing, and that of 
1800, to which Gilpin’s detcrnlinations correspond, appear to 
me to differ essentially from each other as regards magnetism 
in one single respect only; this is, that in 178G the annual 
change of mean declination was 9', and in 1800 scarcely 1'; 
now is it not worthy of notice, that the retrograde movement of 
the needle between the spring equinox and the summer solstice 


* The mean values of these diurnal variations in London, according to 
Gilpin, in the interval comprised between 1793 and 1805 are : 

In March - - - - - 8' 5'^ 

In J une - - - -112 

In*July - - - - - -10^6 

In September - - - - - 8 7 

In December - - . - - 3 7 
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should have diminished coincidentallywith the general movement 
towards the west? If these two phenomena are really con- 
nected with each other, the spring retrogression ought no longer 
to take place, since we have seen that the west declination has 
i-eached its maximum, and is oven beginning to diminish. In 
grouping Colonel Beaufoy’s observations, as I have done in the 
following table, I find « confirmation of my conjecture. 


Table of mean Declinations, deduced from Colonel Beaufofs Ob- 
servations, corresponding to the different Months of the Years 
1817, 1818, 1819, and 1820. 


Moan of the 





1818. 


1819. 


1820. 

3 last Years. 

January 

24'’ 


24'’ 36' 59" 

24° 37' 48" 

24® 36' 

0" 24® 

36' 56" 

February 



37 

37 

37 

6 

35 

13 

36 39 

^rarcli 

f 

it 

37 

27 

37 

30 

35 

10 

36 42 

April 

38 

47 

39 

28 

37 

52 

35 

33 

37 38 

May 

37 

28 

41 

4 

37 

2 

35 

25 

37 51 

June 

30 

42 

39 

29 

36 

35 

34 

33 

36 52 

July 

36 

40 

39 

37 

37 

22 

33 

51 

36 57 

August 

37 

4 

40 

19 

37 

41 

35 

13 

37 44 

September 

37 

18 

39 

25 

37 

2 

35 

53 

37 27 

October 

35 

53 

34 

27 

38 

47 

35 

17 

36 10 

November 

34 

52 

37 

33 

35 

43 

35 

1 

36 6 

December 

36 

3 

39 

12 

35 

25 

34 

49 

36 29 


We here see that the periodical variation discovered by 
Cassini and confirmed by Gilpin no longer takes place. May 
not this variation^ after having thus ceased, manifest itself afresh 
after a time, either in a contrary direction or at other periods 
of the year, when the movement of the needle towards the 
west shall have become a little more rapid? Future observa- 
tions will resolve this question ; meanwhile I transcribe a table 
which I find in the Memoirs of the American Academy, con- 
taining declinations determined at Salem in the United States, 
in 1810, by Bowditch. The reader will remark that at Salem 
the declination is west, and that it has been gradually diminish- 
ing, at the rate of about 2' a year, for many years past. 


Mean Declinations, 


April, 1810 
May 
J line 
J uly 


21 / 21" West. 
23 36 „ 

25 42 „ 

28 51 
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August - 
September 
October - 
bTovember 
December 
January, 1811 
February 
]\ larch 
April 
IVIay 

Tlicse results no longer offer any trace of Cassini’s period ; 
for the declination, so far from diminishing between the s])ring 
equinox and summer solstice, increased gradually from April to 
August. In compensation, a sensible diminution will be re- 
marked between September and December. INIight it not be 
inferred that the period in question still subsists, but that it has 
transferred itself from the spring to the autumn ? Should this 
conjecture, for which I fully admit Bowditch’s few observations 
form an insufficient basis, be confirmed, the annual variation will 
appear to be regulated by very simple princij)les. 

When, the declination being west, the needle recedes from 
year to year from the meridian, it undergoes in the spring a 
retrograde movement, forming a partial return towards the 
meridian. (This is what Cassini discovered.) 

This retrograde movement is the more extensive as the yearly 
change of the declination is greater. (This results from the 
comparison of Cassini’s observations with those of Gil])in.) 

The variation disappears, and all the months of the year give 
nearly the same mean declination, when the needle having 
arrived at the limit of its westerly digression, the yearly change 
of the declination is null. (Bcaufoy’s observations.) 

Lastly, when the east declination is diminishing from yea)’ to 
year, the only remarkable movement towards the east observed 
in the needle is in the months from September to December. 
(Bowditch’s observations.)* 

* [The observations at the Magnetic Observatory of St. Helena (one of 
the colonial observatories established by the British Government at the 
joint instance of the Itoyal Society and of the British Association for the 
Advancement of Science) afford just the opportunity which M. Arago 
would have desired, of testing the general applicability and correctness of 
the principles by which he had been led to conjecture that the annual 
variation might be regulated. The conditions at St. Helena are precisely 
those which are contemplated in the two first of the four concluding para- 
graphs of this Chapter. First, “ the declination is west, and the needle re- 


. 6® 29' 44" West. 
25 21 

21 42 „ 

10 11 
12 

20 55 „ 

21 19 „ • 

20 29 „ 

23 39 

21 38 „ 
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CHAP. IX, 

DIURNAL VARUTION OF THE DECLINATION. 

The discovery of the diurnal variation of the magnetic needle 
goes back to the year 1722, and was made by Graham. Since 


cedes from year to year still more from the meridian ; ” according to the 
first paragraph, therefore, there should be “ a retrogadc movement, or a 
partial return towards the meridian in the 3 months from the vernal 
equinox to the summer solstice.” And, second, the yearly change of the 
declination at St. lldena is very considerable, being little less than 8 
minutes in the year ; the retrograde movement in the 3 months should, 
therefore, according to the second paragraph, be also considerable in 
amount. 

Before we proceed to the facts, it may be proper to premise that, in com- 
bining the observations at St. Helena to obtain their mean results, the 
mean declination on a given day is taken, not, as in the case of the Paris 
observations, from the “ half sum of the greatest and least declinations ob- 
served on that day,” but from the arithmetical mean of all the observations in 
the 24 hours, which are made for that purpose at equidistant intervals. This 
is the more onerous, but the more exact, method when circumstances permit 
its accomplishment. With this distinction, and deriving, as M. Arago has 
done, the mean morUhly declinations from the sum of all the mean daily 
declinations in the month divided by the number of days, we have the 
following mean values for the declination at St. Helena from September 
1. 1842, when a series of hourly observations commenced, to August 31. 
1847, when the hourly series terminated. The declination is west, and 
the degree, which for convenience is omitted, is always 23. 


January - 

* 

1842. 

1843. 

10'*38 

1844. 

16''24 

184 P. 

23'*29 

1846. 

31'*50 

1847. 

39'*57 

February 

- 


11 *38 

17 *00 

24 *92 

31 *71 

40 *58 

March 

- 


11 -52 

17*75 

24 *87 

32 *47 

41 *32 

April 

- 


12 -08 

18*19 

25 *33 

33 *76 

42*38 

May 

- 


12*66 

18 *54 

26 *22 

34 *24 

42 *99 

June 

- 


13*05 

18*93 

25 *85 

34 *77 

42 *33 

July 

- 


14*56 

19*77 

26 *67 

35 *46 

42 *92 

August - 

- 


15 *37 

20 *50 

26 *89 

36*13 

44 *46 

September 

- 

7'*59 

15 *62 

19*55 

27 *47 

36*97 


October - 

- 

8-13 

15*54 

20 *32 

28 *53 

37 *66 


November 

. 

9-15 

15 *86 

21 *10 

29 *44 

38 *10 


December 

- 

9*97 

15 *48 

22*10 

30 *82 

38 *66 



On looking at these numbers, we perceive at the first glance the influence 
of the secular change in the progres^ve increase of west declination. The 
progressive increase, however, from month to month is not absolutely with- 
out exceptions ; and oup first business must be to examine the amount of 

Z 
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that time, this curious phenomenon has fixed the attention of 
many observers, and nevertheless it must be confessed that it is 


retrogression in these exceptional cases, and the months in which they 
occur. They are as follows : 


October 1843, an 

easterly retrogression of 

- 

. 0'*08 

December 1843, 


11 

- 

- 0-38 

September 1844, 


11 


- 0-95 

March 1 845, 


11 

- 

- 0-05 

June 1845, 


11 

- 

- 0-37 

June 1847, 


11 

- 

- 0-66 


In 60 months, therefore, there were but 6 instances of retrogression, or 
partial return towards the meridian ; and these with no appearance whatso- 
ever of systematic occurrence. In the daily records from which the monthly 
results are derived, no separation has been made of observations taken at 
hours when, from the indications of all the magnetometers, it was evident 
that a magnetic disturbance was in progress ; and without this separation, 
the mean monthly results must necessarily be subject to slight occasional 
irregularities, such as are here shown. We may, however, diminish the 
inlluence of these irregularities in disturbing the judgment, whilst we at 
the same time preserve the integrity of the record, by combining into a 
single result, without any separation of disturbed observations, the means 
of the same month in each of the 5 years ; whereby we shall have the pro- 
gression of the secular change of the declination in the different months of 
a single year, with the additional advantage of an accuracy derived from 5 
years of observation, in which irregularities either occasional or accidental 
may be supposed to have in some measure compensated each other. The 
mean year is, then, as follows : 


September 

(1842 to 1846 inclusive) - 

- 

- 23^ 

21'*44 

October 

(1842 to 1846 inclusive) - 


- 23 

22 -04 

November (1842 to 1846 inclusive) - 


- 23 

22 -73 

December 

(1842 to 1846 inclusive) - 


- 23 

23 -41 

January 

(1843 to 1847 inclusive) - 


- 23 

24 ‘20 

February 

(1843 to 1847 inclusive) - 


- 23 

25 -12 

March 

(1843 to 1847 inclusive) - 


- 23 

25 ‘59 

April 

(1843 to 1847 inclusive) - 


- 23 

26 *35 

May 

(1843 to 1847 inclusive) - 


- 23 

26 -93 

June 

(1843 to 1847 inclusive) - 


- 23 

26 *99 

July 

(1843 to 1847 inclusive) - 


- 23 

27 -88 

August 

(1143 to 1847 inclusive) - 


- 23 

28 *67 


There is here no retrogression whatsoever; the increase of west decli- 
nation is throughout the year progressive from month to month ; manifest- 
ing that a nearly equal portion of the annual change (which on the average 
of the 5 years of hourly observation was 7'*88 yearly) takes place in every 
month of the year. 

If we now extend this examination so as to include, in addition to the 
6 years of hourly observation, two other periods,— one of 15 months, from 
June 1. 1841 to August 31. 1842, whdh the observations were 2 hourly, and 
one of 21 months, from September 1. 1847 to May 31. 1842, when 5 obser- 
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still enveloped in great obscurity. All physicists admit that in 
Europe the north end of the needle moves daily from cast to 


vations were taken in each day, the hours being such as to give by their 
combination a true mean value for each day, — we have the results of 8 years 
or 96 consecutive months, from which we may obtain conclusions of even 
greater exactness than from a period of 5 years. From the 8 years, then, 


we find the average rate of secular change iu each year to have been 7'’91, 
and the mean declination in the several months as follows : 

June 

(1841 to 1848 inclusive) - 



23° 

23'-42 

July 

(1841 to 1848 inclusive) - 

- 

- 

23 

24 *45 

August 

(1841 to 1848 inclusive) - 

- 

- 

23 

24 *91 

September 

(1841 to 1848 inclusive) - 

- 

- 

23 

25 *30 

October 

(1841 to 1848 inclusive) - 

^ - 

- 

23 

26 -32 

November 

(1841 to 1848 inclusive) - 

- 

- 

23 

27 07 

December 

(1841 to 1848 inclusive) - 

- 

- 

23 

27 *73 

J anuary 

(1842 to 1849 inclusive) « 

- 

- 

23 

28 -29 

February 

(1842 to 1849 inclusive) - 

- 

- 

23 

29 *23 

March 

(1842 to 1849 inclusive) - 

- 

- 

23 

29 *76 

April 

(1842 to 1849 inclusive) - 

- 

- 

23 

30 -21 

May 

(1842 to 1849 inclusive) - 

Mean, corresponding 

to December 1. 

23 

23 

30 -69 

27 *28 


Here, again, we have no easterly retrogression whatsoever ; but, on the 
contrary, a progressive increase of west declination from month to month, 
differing oven less from an uniform progression than the previous results 
derived from the shorter period of 5 years ; as might, indeed, on the suppo- 
sition of the law being that of an uniform progression, have been expected. 

If, in conformity with this indication, we assume the law of the secular 
change at St. Helena during the period of these observations to bq an annual 
increase of west declination, taking place hy equal portions in each month 
of the year ^ — and if we I'cgard the mean of the 12 months (virtually the 
mean of the observations of 96 consecutive months) as probably a more exact 
determination than that of any one of the twelve monthly means from which 
it is derived (each of which represents only eight monthly means), we shall 
have, by applying the proper aliquot portions of the annual secular change 
corresponding to the several months to the mean declination on the 1st 
December, a series of calculated values of the mean declination in each 
month, which we may view as the most exact deduction which the observa- 
tions are capable of yielding ; and by comparing these with the monthly 
values severally observed, we shall have the best attainable representation 
of the annual variation deducible from so long a continuance of very careful 
and exact observation. 


June 

Calculated Value?. 
(«) 

- 23° 23'-64 

Observed Values, 
(ft) 

23° 23'-42 

DifTerence 

ia-b) 

-f0'-22 

July 

- 23 24 -31 

23 24-45 

— 0 -14 

August 

- 23 24 -97 

23 24-91 

• +0 06 

September 

- 23 25 -63 

23 25-30 

+0-33 

October 

23 26-29 

23 26-32 

— 0 -03 


£ 2 
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west, from sunrise to about an hour after noon, and then returns 
towards the east ; they also admit that the extent of these 
diurnal oseillations is greater in summer than in winter. But 
is all this well assured ? Is it also true that geographical posi- 




Calculated Value. 

observed Value, 

Difference. 

November 

- 

- 23® 26^*95 

23® 27'*07 

--0'*]2 

December 

. 

- 23 27 *61 

23 27*73 

—0*12 

January 


- 23 28 *27 

23 28*29 

— 0 *02 

February 


- 23 28*93 

23 29*23 

—0 *30 

March 


- 23 29*59 

23 29*76 

-0*17 

April 


- 23 30 *25 • 

23 30*21 

-f0*04 

May 


- 23 30 *92 

23 30 *69 

4-0*23 


The differences are in all cases so small as to give the strongest presump- 
tion that the hypothesis upon which the calculation is based, of an uniform 
distribution of the secular change in the several months of the year^ repre- 
sents a true natural law; to be received in preference to the supposition in the 
text, that, “ the declination being west, when the needle recedes from year to 
year from the meridian, it undergoes a retrograde movement, or a partial 
return towards the meridian, between the vernal equinox and the summer 
solstice, which retrograde movement is the more extensive as the yearly 
change of the declination is greater.*' It is possible that, by a still longer 
continuance of tlie observations at St. Helena than the eight years of which 
the results have been here given, the differences in the final column, small 
as they are, might be s^ill further reduced ; but, from the character of the 
signs by which the different months are affected — those where the sun is 
north of the Equator having all (with the pos.-ibly-accidental exception of 
July) a + sign, and those when the sun is south of the Equator having all 
a— sign, — it is probable that, wholly unconnected with the secular change^ there 
is a small annual variation in the mean declination at St. Helena (i, e, the 
declination resulting from the mean of all the hours of every day), the cha- 
racter of which is, that the declination is on the average less westerly from 
April to September, and more westerly from October to March ; the aver- 
age difference in the two semiannual periods not however exceeding fifteen 
seconds. A closer examination of the observations than has yet been made, 
may show whether any, and what portion of this small annual variation may 
be due to the preponderance of the occasional disturbances in one or the 
other direction at different seasons; or whether it be in whole or in pait 
the result of the remarkable change in the diurnal variation which takes 
place at St. Helena when the sun passes from one hemisphere to the other. 

At stations where phenomena may present themselves such as those re- 
ferred to by M. Arago — viz., where the mean declination undergoes a pro- 
gressive change in the one direction from the vernal equinox to the summer 
solstice, and a progressive change in the opposite direction of nearly equal 
amount from the summer solstice to the autumnal equinox, so that " the 
direction in October may be nearly identical with the direction in May,” — 
there appears far more reason to believe that the explanation will be found 
in connection with the season-changes which the diurnal variation under- 
goes, than in die cause conjectured by M. Arago, viz., a retrogression of the 
secular change during a portion of tlie ^ ear. "I-- Editor. 
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tion modifies these phenomena, and that, as some observers 
have believed, the displacement of the needle in the course of 
the twenty-four hours is much less near the terrestrial equator 
. than in our climates ? 

The Petersburg academicians have several times announced 
that in that city the declination does not vary from the morning 
to the evening, or from one day to the next, or even from one 
year to another. ^ Notwithstanding the confidence which the 
names of Euler, Krafft, &c. inspire, ought so extraordinary an 
anomaly to be admitted until founded on a great number of 
observations made with very precise instruments? 

When in the observation of the diurnal oscillations of the 
magnetic needle, exactness is pushed to seconds of a degree, no 
two days in the year are found perfectly alike. This may be 
due to the perpetual changes occurring in atmospheric circum- 
stances ; but it is useless to attempt hypotheses on this subject 
until exact and corresponding observations shall have taught 
us whether these perturbations are local, or whether they occur 
simultaneously at distant places. 

Hitherto the study of magnetic phenomena has been impeded 
principally by two causes ; one, the want of corresponding 
observations in places sufficiently distant ; the other, the imper- 
fection of instruments. The Bureau des Longitudes has re- 
cently had a^ very exact instrument, by Fortin, placed at the 
Observatory, which will in future much assist the attention this 
branch of physics so well deserves. For my own part, I have 
made continuous observations on this subject from 1818 to 1835, 
the discussion of which will be given in the following Chapter. 

If I am not mistaken, there formerly existed in Europe only 
one place (the observatory of Bushey Heath, near London) 
where the diurnal variation of* the needle was regularly ob- 
served. It is to be regretted that its proprietor. Colonel 
Beaufoy, whose merit all physicists must recognise, should 
have used a needle supported on a point, instead of a needle 
suspended to a thread without torsion, as Coulomb had done. 

Colonel Beaufoy deduced from his observations tlie following 
values for the diurnal variations in the different months of the 
year. I will remark here, once for all, that the forenoon ob- 
servations were made generally at forty minutes after eight, 
those of the middle of the day at twenty minutes after one, and 
those of the evening at fifty minutes after seven. Therefore 
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the morning variations represent the movement of the needle 
between 8 h. 40 m. a.m. and 1 h. 20 in. p.m., and those of the 
evening the contrary movement, which takes place between 
1 h. 40 m. and 7 h. 50 m. p.m. 




1817. 


1819. 

1820. 

Means, 

January 

/ Morning 
\ Evening 



5' 

55" 

4' 

12" 

3' 

48" 

4' 

28" 

February 

f Morning 
t Evening 



6 

29 

5 

38 

5 

48 

5 

59 

March 

r Morning 



8 

19 

8 

24 

' 8 

46 

8 

30 

I Evening 



7 

50 

6 

25 

5 

48 

6 

41 

April 

f Morning 

12' 

51" 

10 

44 

10 

33 

9 

31 

11 

0 

t Evening 

8 

45 

8 

14 

8 

10 

8 

31 

8 

25 

May 

J Morning 
\ Evening 

10 

7 

15 

50 

9 

7 

31 

14 

8 

7 

40 

12 

9 

7 

2G 

8 

9 

7 

28 

21 

June 

J IVIorning 

11 

5 

11 

24 

10 

13 

9 

26 

10 

32 

\ Evening 

7 

29 

7 

31 

6 

32 

5 

28 

6 

45 

July 

f Morning 

10 

52 

10 

35 

9 

41 

10 

19 

10 

22 

I Evening 

6 

23 

6 

45 

6 

35 

5 

34 

6 

19 

August 

riVIorning 

11 

35 

11 

18 

10 

16 

9 

35 

10 

41 

I Evening 

9 

G 

8 

8 

8 

25 

6 

46 

8 

G 

September 

{^Evening 

8 1i4 

6 58 

10 

7 

53 

54 

8 

G 

6 

9 

7 

13 

30 

9 

7 

27 

37 

October 

flMorning 
\ Evening 

9 

40 

7 

52 

6 

41 

8 

33 

8 

11 

November 

f Morning 

1 Evening 

6 

G 

8 

17 

G 

10 

• 

5 

15 

6 

25 

December 

f Morning 
\ Evening 

3 

59 

4 

IG 

3 

51 

3 

31 

3 

54 


The evening observations are missing in the months of 
January, February, November, and December, from want of 
light to sec the distant marks. 

It may be noticed that the mean extent of tlie daily oscilla- 
tions of the needle for the different months of the year is com- 
prised between three and twelve minutes, the maximum amount 
being in April and May, and the minimum in December. 

The extent of the diurnal variation is not, therefore, the 
same in all months of the year ; it is also variable in different 
parts of the earth. 

Many atmospheric circumstances, and, most of all, auroras, 
exercise a sensible influence on the extent of the diurnal varia- 
tions of the needle. This extent also seems to diminish in 
approaching the equator, and perhaps also in approaching places 
where the absolute declination is very sipall. At St. Helena 
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and Sumatra, for example, the diurnal variations hardly exceed 
2' or 3'. 

But on this point fresh observations are required, to be con- 
tinued for a sufficient length of time, and to be made with good 
instruments. 

In the northern hemisphere that end of a horizontal magnetic 
needle which is turned towards the north moves : — 

From east to west from a quarter after eight in the morning 
to an hour and a quarter after noon. 

From west to east from an hour and a quarter after noon 
until the evening. 

Our hemisphere cannot enjoy any privilege in this respect ; 
what liappens in it to the north end of the needle must happen 
ill the southern hemisphere to the south end. Therefore, 

In the southern hemisphere that end of a horizontal magnetic 
needle which is turned towax’ds the south must be supposed to 
move : — 

From cast to west from a quarter past eight in the morning 
until an hour and a quarter after noon. 

From west to east from a quarter after one in the middle of 
the day until the evening. 

Observation has, indeed, been found to be in accordance with 
this reasoning. 

Wc will now compare the simultaneous movements of the 
two supposed needles, referring in both to the same end ; i, e, 
the end which points to the north. 

As in tlic southern hemisphere the point turned towards the 
south moves : — 

From cast to west from a quarter after eight to a quarter 
after one, the north point of the same needle must move at the 
same time in the opposite direction, therefore finally. 

In the southern hemisphere the end of the needle which points 
towards the north moves : — • 

From west to cast from a quarter after eight in the morning 
to a quarter after one in the middle of the day : being precisely 
the opposite movement to that executed at the same hours by 
the same, or north, end of the needle in the northern hemisphere. 

Suppose an observer quitting Paris and advancing towards 
the equator, on his way to regions situated in the southern 
hemisphere. So long as he is in our hemisphere, he sees the 
north end of the needle perform every morning a movement 
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towards the west ; in the oppoate hemisphere the north end of 
the same needle will perform, as we have said, every morning, 
a movement towards the east. It is impossible that this tran- 
sition from the western to the eastern movement should take 
place suddenly; there must necessarily be between the zone in 
which one of these movements is observed, and that in which 
the second takes place, a line on which, at the same hours, the 
needle will neither move to the east nor to the west, that is to 
say, in which it will remain stationary. 

Such a line cannot but exist ; but where is it to be found ? 
Is it the magnetic equator, the geographical equator, or some 
isodynamio line or line of equal magnetic intensity ? 

Observations continued for many months at places situated 
in one of the spaces comprised between the geographical and 
magnetic equators, such as Pernambuco, Payta, Conception, 
the Pellew Islands, &c., would certainly conduct to the desired 
solution ; but several months of assiduous observation would be 
necessary; for, notwithstanding the skill of the observer, the 
short sojourns made by Captain Duperry, at the request of tho 
Academy at Conception and Payta, have left some doubts/ 

Science has been enriched during some years past by a con- 
siderable number of observations of the diurnal variation of the 
declination ; but they have been principally made on Islands, or 
on the western coasts of continents. Analogous corresponding 
observations on the eastern coasts of continents would be very 
useful ; they would serve to subject to an almost decisive test 
the greater part of the explanations by which it has been 
attempted to account for this mysterious phenomenon. 

For my own part, I have always thought that the diurnal 
variations of the magnetic needle were connected with the 
march of the sun. I was happy to see my ideas in this respect 
supported, in a manner, which I placed on record on the 26th 
of July, 1837, at a meeting of the Bureau des Longitudes, 
mentioned as follows in the proecs verbal of the meeting. 

M. Arago announced the return of M. d’Abbadie. M. d’Ab- 
badie says that he had observed, that, as M,. Arago had thought 
might be the case in the tropical regions, the diurnal variation 
of the declination changed completely at Pernambuco from the 
moment when the sun passed from one side of the zenith to the 
other.” 

* See note by the Editor at the close of this chapter, p. 346, 
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In order to give more perfection to the observations of diurnal 
variation, perhaps it might be advantageous to endeavour to 
magnify their amplitude. It is for this reason that I would 
call the attention of physicists to the following analysis of a 
memoir, read on the 5th and 12th of June, 1823, to the Royal 
Society, by Mr. Barlow of Woolwich ; which analysis I inserted 
at the time in the Anuales de Chimie et de Physique.” 

Mr. Barlow thought that by attenuating the action which 
the earth exercises on a magnetic needle, as mineralogists are 
accustomed to do when they wish to discover faint traces of 
iron in bodies, the diurnal variations would be rendered much 
more sensible than they are naturally. Following out this 
idea, he found that the best way of attaining the object was 
to present to one pole of the needle the same pole of a larger, 
or bar magnet, and to the other j)ole of the needle the opposite 
})oIe of another such bar. In this way the diurnal variation of 
a horizontal needle, which had before been only of a few 
minutes, was raised, first to 3® 40', afterwards to 7° O', and, in 
' short, as high as desired. 

By bringing the two opposite bars nearer to each other 
and to the needle, the needle may be made to deviate to any 
amount from the magnetic meridian, and its diurnal variations 
may be observed in all positions, — i. with its north end di* 
rected south, east, west, &c., &c. Mr. Barlow always found 
that the diurnal variations were greatest when the needle pointed 
east or west ; and that they became almost imperceptible when 
it pointed nearly N.N.W. or S. S.E. From N N.W. to S., the 
principal diurnal movement carried the north end of the needle 
towards the true north; between S.S.E. and N. the same end 
also moved towards the north. Thus the movements in these 
two cases were performed in opposite directions. 

A horizontal needle which was made to turn north or south 
under the influence of bars, when placed Inside Mr. Barlow’s 
house, made its principal diurnal excursion towards the* north, 
whereas, in his garden^ this movement was towards the south. 
He assured himself that this singular anomaly did not depend 
on any change in the relative positions of the bars and needle. 
Having suspected that light might be the cause of the phe- 
nomenon, he observed for two successive days with the windows 
of the room always closed : the irregularity continued, but was 
lessened. Lastly, imagining that the magnetic force of a stove 
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of metal might undergo a diurnal variation, he had a shell 
brought into the garden, and placed, relatively to the needle, in 
.a position corresponding to that occupied by the stove in the 
house. After this change, the maximum effect, instead of taking 
place at seven in the morning, Avas observed at four in the 
afternoon ; but the anomaly in the direction of the movement 
colitinued. 

‘^Mr. Christie, wdiosc house is at some distance from Mr. 
Barlow’s, remarked a similar anomaly. 

Our author appears disposed to attribute the diurnal A^aria- 
tions to a change in the magnetic Intensity of the globe pro- 
duced by the action of the solar rays. This change Avould 
depend, as to its amount, on the sun’s declination, — that 
is to say, on the sun’s position relatively to the plane of no 
attraction. The experiment made in the dark room led him 
to think that the exciting cause of the diurnal variations 
might be in the luminous, and not in the calorific, rays of 
the sun. 

Professor Christie thinks, on the contrary, that the change 
of the declination depends on the heating, and not on the 
luminous, rays. A change of temperature of one degree of 
Falirenhelt in the bars jdaced near the needle altered the 
position of the latter a degree. By Avarming one of the bars 
Avith the hand, the needle changed its direction two or three 
degrees, in experiments made in the -presence of Messrs. Oersted 
and BarloAV. 

I think Haliy Avas the first person who pointed out tlie 
advantages Avhich, in experiments where it Avas desired to take 
cognizance of very small magnetic actions, might be obtained 
by the use of a delicately suspended needle, of Avhich the 
directive power should have been Aveakened by placing near it 
a bar magnet in a suitable position. (See Traitc dcs Pierres 
precieusesy p. 176. et seq.) Biot has since pointed out this 
method as suited to augment almost indefinitely the amount of 
the diurnal A^ariations. (^Traite elementaire de Physique^ ii. 101. 
second edition, 1821.) It is, therefore, Biot’s project which 
was realised by Barlow.”' 

* [The establishment of a magnetic observatory at St. Helena, and the 
comparison of the changes which take place in the diurnal variation at that 
intertropicul station at different parts of the year, with the corresponding 
phenomena at Toronto and Hoberton — stations in the middle latitudes re- 
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CHAP. X. 

M. ARAGO’S OWN OBSERVATIONS ON THE DIURNAL VARIATION OF 
TUE DECLINATION AT PARIS, FROM 1818 TO 1835. 

The Bureau des Longitudes established at the Paris Observa- 
tory an instrument to be devoted exclusively to# the above 
object; .the observations were commenced In September, 1818. 
In the course of 1819 the steel bar, which was suspended with 


spcctively of the northern and southern hemispheres — have tended greatly 
to dissipate the obscurity in which some ])oints adverted to in this 
Cliapter were involved at the time when ^[. Arago’s Essay was written. 
The diurnal variation (as its name, indeed, implies) proceeds obviously 
from some influence, direct or indirect, of the celestial body which “ rules 
the day ;** and the knowledge that, at the same hour oi solar time, and there- 
fore simultaneously in the same meridian, the needle was moving towards 
the east in the one hemisphere, and towards the west in the other hemi- 
s])hcre, led not unreasonably to AI. Arago’s supposition, that in some inter- 
mediate latitude the needle would move neither to the cast nor to the west, 
but would remain stationary ; and that there must exist a line, connecting 
such points in the dillerent meridians, and therefore encompassing the globe, 
where diurmil variations would not be found, and the needle would remain 
stationary throughout the twenty-four hours. Such, however, does not 
appear to be the fact. The difference previously known, and occasionally 
adverted to by Al. Arago, as existing in the middle latitudes between the 
diurnal variation in mnuner and in zvinter, and supposed by many to be pro- 
duced in some way or other by the difference of the temperature of those 
seasons, has been shown, by the observations at St. Helena, to be not a 
partial but a general phenomenon, and to subsist equally in the tropics 
where the ordinary distinctions of season cease ; causing in such localities a 
diurnal variation which, in the months when the sun is in the northern signs, 
corresponds in character with the increase of the diurnal variation in the 
northern heniispliere in the same months, and in the months when the sun is 
in the sonthern signs, a diurnal variation corresponding in character to the 
increase of the diurnal variation in the southern hemisphere in the same 
months. There Is, therefore, no such line as that imagined by M. Arago, 
where no diurnal variation is found ,* but within a certain equatorial zone 
there is an approximation to such a state twice in the year, continuing, how- 
ever, but for a very few days on each occ.asion. The occasions are when 
one of the two semiannual phases of the diurnal variation passes into the 
other. The epochs of this passage, as shown distinctly by the St. Helena 
observations, coincide with the equinoctial epochs, when the sun crosses the 
terrestrial equator from the one hemisphere into the other. The change in 
the directive influence exercised on the magnetic needle, which accom- 
panies or appears to immediately follow these epochs, is, that between the 
March and the September equinoxes the north end of the needle is more to 
the cast in the hours of the forenoon, and more to the west in those of the 
afternoon ; and between the September and the March equinoxes, more to 
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its flat surfaces horizontal, experienced a sudden change of 
direction without any apparent cause ; the diurnal variation was 
at the same time reduced to little more than a tenth of its 
previous value, while tlie magnetic intensity had considerably 
increased. When I had found that this new state of things 
continued, I had the instrument taken down, and after having 
modified some of its parts, I again suspended the bar to a 
thread witj^out torsion, but this time edgewise, or with the 
broader surface vertical, instead of horizontal as before. These 
alterations only permitted me to commence, in February, 1820, 
a fresh series of observations, which has been continued with 
great regularity to November, 1835. My first intention had 
only been to examine, whether by means of the declination 
corresponding to the different hours of the day in two suc- 
cessive years, I should find a confirmation of the retrograde 
movement of the needle towards the north, which detached 
observations had already indicated. I was afterwards induced 
to extend the work much beyond what would have been re- 
quired for this first question, in the hope that by comparing 
my observ^ations with those which the English navigators pur- 
posed to make at the same time in the polar regions, some 
useful results might be arrived at. The study of the writings 
of those who had preceded me soon taught me that, notwith- 
standing the enormous mass of observations of diurnal variation 
made at diflerent times and places, several capital circumstances 


the west in the forenoon, and to the east in the afternoon, than its mean 
position in the year at the respective hours, — the change being similar in 
character, and nearly so in amount, in the middle latitudes of both hemi- 
spheres and in the e({uatorial regions. 

In the report which M. Arago made to the Bureau des Longitudes in 
1837, no particulars are stated as to the nature of the “ complete change ’’ 
which M. d’Abbadie is said to have observed to take place in the diurnal 
variation at Pernambuco “ at the moment when the sun passed from one 
side of the zenith to the others It is probable that the change thus noticed 
by M. d’Abbadie was the same of which the St. Helena observations have 
given the more precise character ; and it may well have happened, that the 
means at that gentleman’s command may not have enabled him to make a 
sufficient number of observations, or sufficiently exact, to discriminate be- 
tween epochs so little removed from each other as the sun’s pass.age of tlie 
equator, and his passage of the zenith, at Pernambuco, the latitude of which 
place is not more than 3'. The situation of St. Helena is more favourable 
for this purpose, its latitude being 15® 56'; the sun consequently passes from 
the one side of its zenith to the other about the 5th of February and 6th of 
November, — epochs sufficiently remote from the equinoxes on the 2l8t of 
March and 21st of September.] — Editor, 
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still demanded fresh investigations. It appeared to me, for 
instance, that the hours of the mean maxima and minima had 
not been exactly determined; that it was not known whether 
these hours were the same at all seasons, &c. &c. I then de- 
termined to consult the needle eacli day, every quarter of an 
hour for an hour and a half in the morning about the time of 
minimum declination, and every quarter of an hour for an hour 
and a half after mid-day about the time of the maximum. 

I have found that at Paris the march of the horizontal needle 
is usually very regular. On every day, during the same week, 
it makes excursions of equal amplitude, to within a few seconds. 
The hours of the maxima and minima of declination are so 
constant that one might really, set one’s watch by them to 
within a quarter of an hour. This circumstance has permitted 
me to give to our observations a great degree of certainty, so 
that full confidence may be felt in the results deduced from my 
registers. 

[The registers of the diurnal variation of the declination left 
by M. Arago consist of six large folio volumes, of from 300 to 
400 pages each, in all 2076 pages, which, with the exception of 
about a hundred, are all written by the illustrious astronomer’s 
own hand. It would obviously be impossible to reproduce this 
immense work here. Thanks to the conscientious and sagacious 
skill of M. Fedor Thoman, who has been so good as to make 
the minute and laborious calculations required for their reduc- 
tion, we are enabled to give an exact resume of this most ad- 
mirable series of magnetic observations. 

In forming the tables of the monthly means of the absolute 
values of the magnetic declination, and of its diurnal variation 
during thirteen years, we have followed the course traced by 
M. Arago himself in the discussion of the observations of his 
predecessors in the preceding chapters of this notice. The 
zeal and scientific devotion of M. Fedor Thoman, and his great 
habit of calculation, afford in themselves a guarantee of the ex- 
actness of the figures which we propose to give, and the greater 
part of which we have, moreover, verified. 

• The original registers of M. Arago, and also the books con- 
taining M. Thoman’s calculations, are deposited in the library 
of the Institute, and can, if desired, be referred to to substan- 
tiate the accuracy and fidelity of the deductions. 
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Most commonly M. Arago made, on an average, eleven obser- 
vations each day, beginning at seven in the morning and ending 
at eleven at night. Sometimes we find him observing from 
hour to liour until half an liour after midnight, and then rising 
so as to begin the same work again at four tlic next morning. 
Under some circumstances we find the observations succeed 
each other every five or even every three minutes, and there 
are then more than 150 of them in the same day. On Mondays, 
which are the days of meeting of the Academy, there is an 
interval from two to six in the afternoon. 

The total number of observations is 52,599. We subjoin a 
table of the numbers in the different months and years, for the 
sake of showing the degree of certainty of the calculated means 
given subsequently. When M. Arago had fully assured him- 
self of the hours of maxima and minima, he was enabled to 
concentrate the daily observations in the vicinity of those hours, 
and to cease distributing them at equal intervals through the 
course of the day : — 


Years. 

January. 

, February, March. 

April. 

May. 

June. 


1820 


414 

469 

467 

587 

548 


1821 

375 

365 

493 

492 

580 

517 


1822 

464 

436 

513 

477 

463 

427 


182;l 

349 

309 

397 

451 

490 

448 


1824 

287 

283 

367 

354 

367 

442 


182;j 

397 

403 

431 

418 

418 

417 


1826 

302 

355 

444 

418 

418 

396 


1827 

360 

336 

327 

364 

442 

396 - 


1828 

353 

393 

409 

417 

489 

426 


1829 

355 

272 

372 

432 

311 

392 


1830 

383 

285 

473 

448 

369 

352 


1831 

191 

187 

260 

250 

211 

230 


1835 

180 

167 






Tcaals 

3996 

4205 

4955 

4988 

III 

4991 


Years. 

July. 

August. 

.September. October, November. December, 

Totals of 
each Year 

1820 

509 

568 

539 

474 

411 

4(50 

5446 

1821 

484 

502 

467 

451 . 

505 

444 

5675 

1822 

399 

333 

151 

365 

339 

296 

4663 

1823 

465 

358 

277 

292 

288 

257 

4381 

1824 

400 

357 

317 

374 

312 

288 

4148 

1825 

421 

3?2 

314 

74 

283 

243 

4191 

1826 

384 

340 

311 

399 

379 

300 

4446 

1827 

403 

372 

421 

419 

319 

299 

4458 

1828 

421 

394 

356 

4J3 

347 

292 

4710 

1829 

506 

409 

395 

827 

540 

409 

5220 

1830 

243 

86 

40 

111 

184 

53 

3127 

1831 







1329 

1835 




215 

243 


805 

Totals 

4^ 

4091 

3588 

4414 

4150 

3341 

52599 
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It results from the examination of all the observations, that 
the horizontal needle makes each day two complete oscillations •, 
and that the declination has, therefore, two maxima and two 
minima in each day in the following manner. 

1°. Beginning from llh. P.M., the north end of the needle 
moves from west to cast, reaches a minimum declination at 
8^h. A.M., and then retrogrades towards the west to attain its 
maximum declination at ^ h. P.M. 

2°. From 1^ h. P.M. the needle moves again towards the east, 
reaches a second minimum between 8 h. and 9 h. P.M., and re- 
turns again towards the west to attain its second maximum at 
1 1 h. p. M. 

The greatest amplitude is that of the semi-oscillation which 
takes place between 8 h. A. M. and 1 h. p. M. 

Tlie inarch of tlic needle is not absolutely regular; it seems, 
on the contrary, to accomplish its change of direction by small 
oscillations, which arc, generally speaking, scarcely sensible. 
In ]\[. Arago’s registers this is indicated in almost all the 
observations. 

We have collected, in the following table, the values of the 
mean diurnal variation of each month for the thirteen years of 
observation. The numbers given have been obtained by taking 
the difference between the greatest and the least declination in 
each day, and dividing tlie sum of the differences in a month 
by the number of days in that month on which observations 
were made. 


Table of the mean monthly Diurnal Variations of the Declination 

Needle. 


Years. 

1820 

January. 

t’cbruary. 

8' 54"-88 

March. 

12' 6'*28 

12' 

April. 

57"-92 

1821 

8' 

39"-07 

7 

26 -67 

11 

21 -38 

12 

20 -02 

1822 

5 

8 -41 

6 

44 *11 

10 

4 *01 

11 

19 -13 

1823 

5 

34 -04 

4 

43 *16 

9 

42 -68 

11 

53 -57 

1824 

4 

2G -13 

4 

45 -96 

9 

18 *55 

10 

8 -13 

1825 

5 

26 -75 

8 

13 *45 

11 

23 -43 

12 

54 -36 

1826 

5 

51 -17 

8 

2 12 

12 

16-19 

12 

33 -78 

1827 

6 

11 -46 

8 

14 *29 

11 

55 -43 

16 

7 -05 

1828 

7 

34 -15 

10 

35 *36 

13 

5 -49 

14 

44 -93 

1829 

11 

27 -92 

11 

19 -79 

11 

58 *79 

14 

14 -99 

1830 

8 

55 -73 

8 

22 -63 

14 

5-92 

14 

43 -52 

1831 

11 

49 -06 

8 

55 *82 

9 

15 -28 

16 

13 -70 

1835 ■ 

6 

4 *82 

7 

40 *79 






7 

15 *73 

8 

0 *00 

11 

22 -79 

13 

20 -92 
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Years 


May. 


June. 


July. 

August. 

1820 

12' 

3"‘66 

11' 

2"-76 

10' 52"-84 

11' 

14"08 

1821 

10 

39 -47 

10 

33 *39 

10 

29 *28 

10 

39 -50 

1822 

10 

49 -66 

11 

13 *61 

10 

17 *67 

10 

30 -59 

1823 

10 

16 -17 

9 

51 *57 

10 

12 *25 

9 

54 -47 

1824 

9 

15 -64 

10 

19 -73 

9 

4 *90 

9 

51 -29 

1825 

11 

8 -09 

11 

6 *50 

12 

26 *20 

12 

32 -84 

1826 

11 

13 -08 

11 

57 -30 

10 

46 *48 

10 

36 *38 

1827 

13 

7 -27 

12 

34 *24 

11 

58 *14 

13 

7 -92 

1828 

13 

31 -03 

15 

32 *54 

14 

17 *05 

13 

58 -75 

1829 

12 

49 -86 

17 

19 *09 

14 

11 *53 

13 

50 -39 

1830 

15 

50 -69 

12 

47 *06 

11 

24 *83 

11 

58 -24 

1831 

13 

59 -84 

13 

8 *39 





1835 









Means 

12 

3 -70 

12 

17 -18 

11 

00 

11 

39 *50 


Years. 

1820 

September. 

11' 49"-34 

October. 

8' 32"‘43 

November. 

8' 40"-85 

December. 

6' 43"-92 

1821 

9 

20 *80 

7 

31 *07 

6 

9 *78 

3 

59 *19 

1822 

9 

22 *02 

9 

35 -67 

6 

46 *07 

4 

3 -40 

1823 

9 

14 ‘34 

7 

57 -64 

5 

20 *39 

3 

31 *69 

1824 

8 

69 -00 

10 

17 *67 

6 

57 *39 

4 

59 *53 

1825 

10 

36 *19 

9 

25 *38 

6 

0 *33 

4 

47 *64 

1826 

11 

8 *00 

10 

54 *81 

7 

9 *46 

4 

39 *14 

1827 

12 

36 *39 

13 

13 *07 

8 

54 *60 

7 

43 -05 

1828 

12 

11 *04 

9 

26 *97 

6 

9 *12 

7 

8 -33 

1829 

14 

59 -05 

16 

45 *25 

15 

34 *04 

10 

17 -39 

1830 

13 

21 *40 

16 

1 *82 

10 

54 *34 

10 

18 *70 

1831 









1835 



12 

28 *35 

17 

16 *65 



Means 

11 

14 -32 

11 

o 

QC 

1 

8 

49 *42 

6 

12 *00 


It follows from this table that the mean maximum of diurnal 
variation takes place in April, and the minimum in December. 
But it may also be seen that this phenomenon is very variable 
for the same months in different years. We may conclude 
generally that the mean diurnal variation at Paris is between 
3' and 17'. 

M. Arago’s registers enable the absolute declination for each 
day to be computed with great exactness, for they contain 
direct determinations, some of which have been inserted in the 

Annuaire du Bureau des Longitudes,” and are reported in an 
earlier page of this volume (p. 324.); and, moreover, all dis- 
turbing causes are pointed out and estimated with extreme 
care. 

By taking as the declination on each day the mean between 
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the maximum and minimum declinations on that day, and as the 
mean declination of the month the mean of the declinations of 
each day in the month, we obtain the following table : — 


Taule of monthly absolute Declinations at Paris from 1820 

to 1835, 


Years. 


January. 

February. 

March. 

April. 

1820 




22® 24' 

48"-24 

22® 24' 

22"-7l 

22® 23' 

56"-61 

i821 

22° 

23' 

11"*52 

23 

7 -79 

23 

0 *20 

23 

14 *70 

1822 


21 

30 *21 

21 

■57 -62 

22 

38 *31 

21 

27 -69 

1823 


20 

31 -56 

19 

23 -09 

20 

58 -40 

19 

41 *15 

1824 


21 

11 -51 

21 

47 -88 

22 

48 *70 

22 

14 *46 

1855 


20 

31 -93 

21 

1 -40 

21 

49 -11 

20 

7 *05 

1820 


18 

51 *37 

19 

29 -54 

17 

57 *95 

17 

26 -43 

1827 


16 

0 *28 

15 

40 -17 

16 

37 *51 

15 

21 ••27 

1828 


12 

16 -34 

12 

0 -62 

13 

8 -16 

11 

13 -10 

1829 


10 

19 -78 

10 

23 -89 

10 

4 *34 

8 

56 -24 

1830 


8 

29 -96 

9 

31 -14 

8 

30 -24 

7 

20 -92 

1831 


3 

41 -47 

6 

11 -79 

3 

51 -57 

5 

53 -27 

1835 

21 

56 

35 *56 

21 56 

5 -35 





Years, 


May. 

June. 

July. 

August. 

1820 

22° 

23' 

28"*26 

22® 21' 

15"*23 

22® 20' 

55"*32 

22° 21' 

42"*6C 

1821 


22 

8 *09 

20 

56 *44 

. 21 

18 -42 

21 

49 -01 

1822 


21 

2 05 

19 

41 15 

19 

50 -40 

20 

13 -32 

1823 


19 

35 *43 

19 

14 10 

19 

17 *75 

19 

19 *62 

1824 


21 

38 *63 

19 

37 -77 

19 

8 *30 

20 

33 *24 

1825 


19 

55 *07 

19 

22 *44 

15 

54 *74 

19 

8 *87 

1826 


16 

58 *94 

16 

23 -77 

18 

54 -67 

17 

8 -57 

1827 


14 

19 *34 

13 

21 *17 

12 

42 -81 

13 

24 -25 

1828 


10 

26 *89 

10 

51 *11 

10 

12 *20 

10 

29 *32 

1829 


7 

53 *47 

7- 

24 -20 

7 

1 *37 

7 

56 -84 

1830 


5 

55 -51 

6 

23 12 

5 

2 *48 

5 

12 %8 

1831 


5 

21 *28 

3 

28 46 






1835 


Yoars. September, October. November, December. 


1820 

22® 22' 

52" 

•25 

22® 22' 

10"-62 

22° 21' 

46" 

•02 

22® 21' 

27"-S7 

1821 

21 

23 

•67 

21 

24 

•79 

21 

54 

•63 

21 

20 

•48 

1822 

20 

58 

•40 

20 

44 

•18 

20 

22 

•96 

21 

5 

•43 

1823 

19 

21 

•12 

19 

48 

•99 

20 

7 

•51 

19 

17 

•37 

1824 

20 

18 

•75 

20 

39 

•69 

20 

6 

•12 

19 

41 

•14 

1825 

19 

19 

•15 

19 

44 

•12 

19 

15 

•97 

17 

52 

•72 

1826 

17 

5 

•85 

16 

19 

•74 

16 

9 

•64 

15 

53 

•08 

1827 

13 

15 

•83 

12 

32 

•98 

12 

41 

•78 

11 

57 

•63 

1828 

10 

53 

•27 

10* 

23 

•99 

10 

48 

•50 

9 

57 

•05 

1829 

8 

34 

•26 

7 

41 

•13 

8 

15 

•37 

9 

36 

•19 

1830 

5 

16 

•70 

5 

• 3 

•41 

5 

40 

•74 

6 

59 

•87 


1831 

1835 


21 52 82 -25 21 53 17 -35 

A A 
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On attentively examining the table, we perceive — 

Two maxima about March and September, that is to say, 
about the equinoxes. 

Two minima about J une and December, that is to say, about 
the solstices. 

The periods found by Cassini (p. 332.) still subsist. In 
spring and autumn the needle experiences a retrograde move- 
iiicnt towards the west ; at the solstices it again approaches the 
geographical meridian. The conclusions which might have 
been drawn from the observations of Bowditch, which were too 
few in number, are not confirmed. 

It will be seen by the numbers in the above table, that the 
needle is now progressively approaching nearer and nearer to 
the geograj)hical nlcridiau ; in other words, that tlie mean de- 
clination is diminishing every month. But it will also be seen 
tliat observations made during only a single year might mislead, 
since, for example, the observations of 1824 give results higlier 
than tliosc of 1823 and 1825, so tliat about this period there 
was a slight retrogression towards the west. We also sec that 
detached observations cannot teach us anything respecting the 
real values of the march of the declination. 

By taking the means of the twelve monthly declinations in 
each of the years contained In the above tabic we obtain the mean 
declination of the needle at Paris for each year, and can easily 
compute the annual decrease of the declination in relation to 
each preceding year. The results of these calculations arc 
contained in the following table : — 


Years. 

1820 

Value of the 

Mean Declination 
in each Year. 

22"" 22' 42"*30 

Yearly Decrease 
of 

West Declination. 

1821 

22 

22 

4 *14 

0' 

38"-16 

1822 

22 

20 

57 -64 

1 

6 *50 

1823 

22 

19 

43 *01 

1 

14 -63 

1824 

22 

20 

48 -85 

+1 

5 -84 

1825 

22 

19 

45 -21 

1 

3 *64 

1826 

22 

17 

o 

GO 

2 

36 *91 

1827 

22 

13 

ca 

00 

3 

8 *72 

1828 

22 

11 

3 *38 

2 

56 *20 

1829 

22 

8 

40 *59 

2 

22 -79 

1830 

22 

6 

37 -22 

2 

3 *37 


The mean annual decrease of west declination from 1820 to 
1830 is r 36'^ -51. 

The retrograde march or return of the needle towards the 
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geographical meridian was not, however, uniform ; it even pre- 
sented from 1821 to 1823 a marked irregularity, the needle 
moving in that interval slightly to the westward. More re- 
cently there appears a tendency to an accelerated rate of change. 
As M. Arago remarked in a preceding page (p. 324.), detached 
observations made once a year cannot be relied upon in judging 
of this j)henomenon. 

[Tiie mean montlily variations of the declination, in the different months 
of the ten complete years from 182G to 1830 inclusive which have been 
derived by MM. Barral and Tlioman from the registers of M. Arago’s obser- 
vations, — and which are now for the first time given to the public, — supply 
a most valuable result in connection with the remarkable coincidence which, 
from observations in diflereiit parts of the globe between the years 1840 and 
1850, has been inferred to subsist between the variation in amount and 
frequernjy in different years of the solar spots^ and a corresponding variation 
in period and epoch in all tliose magnetic inlluen(!es at the surface of the 
globe, which by their dependence on the hours of solar time lead us to re- 
cognise the sun as their primary cause. 

Ill this category wo may place together — the diurnal variation of the 
declination, which, all hough known to exist at the latter end of the last 
century, first b(3camc the subject of continued observation (‘or several suc- 
cessive years in the hands of M. Arago — the diurnal variations of the in- 
clination and of the intensity of the total magnetic force, which have been 
studied with appropriate instruments from 1840 to 1850 at the British mag- 
netic, observatories with the same care as tliat of the declination, — and, 
lastly, those occasional disturbamios of the dctdiniition, inclination, and total 
force (or magnetic storms as they are sometimes ealled), wliich, however 
apparently irregular in the times of their occurrence, liave been shown by 
the observations at the British observatories to be subject, in respect to fVe- 
(|uenc,y and amount of disturbance, to periodical laws depending upon the 
hours of solar time. 

By comparing the amount of variation and disturbance in these several 
phenomena in the difleront years between 1840 and 1850 (which were those 
during whicli the British system of observation was in operation), it was 
found, that in all cases of magnetic variation or disturbance in which a de- 
pendence on solar lioui’s was traceable, a minimum of variation or disturb- 
ance showed itself in the year 1843, and a maximum in 1848 ; the years 
antecedent to 1843, and those subscipient to 1848, being also in accordance 
with this apparcjit law of j)eriodical increase .and decrease ; which, .as the 
minimum and maximum are separated by about five years, would constitute 
a cycle or period of about ten of our years between maximum and maximum, 
or minimum and minimum. 

Now this s.ame p(?riod, of about ten of our years, has boon shown by the 
observations of Schwabe of Ilessau, commenced in 1826, and still continuing, 
to characterise an equally remarkable variation in the amount and frequency 
of the solar spots in dillbrent years. When the sun is viewed with a tele- 
scope Ills luminous disk is found to be scarcely ever free from dark or asliy- 
colourcd spots of irregular and variable outline, appearing and disajipearing 
at uncertain times, and having no fixed period of duration. The number of 
these spots, and the space they occupy on the solar disk, v.ary considerably 
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CHAR XL 

ON THE INCLINATION. 

A NON-MAGNETISED stccl nccdlc. Supported by its centre of 
gravity, may remain in a liorizontal position ; but as soon as 
magnetism is im])arted to it it incHnevS^ or dips, very sensibly. 


at different times ; and the variations are of a character which can by no 
means be regarded as accidental, since they follow with great regularity a law 
of periodical alternate increase and decrease, continuous and progressive 
from a minimum to a maximum in a period which corresponds neaily with 
five of our years, and from a maximum to a minimum in a period of similar 
duration. In the years of minimum the number of distinct groups appear- 
ing in the year is usually between 30 and 40; whilst in the years of maximum 
the number is between 300 and 400. The years of maxima, since the solar 
spots have boon subjected to careful examination, have been 1828, 1837, and 
1848; the years of minima, 1833 and 1843. 

The full estahli.shment of the existence of a direct connection of this 
nature, between affections of the sun’s disk and the magnetic influence 
which the sun exercises at the surface of the earth, is a step in cosmic.al 
knowledge of such primary ini})ortancc, that every contribution to it must 
be hailed with satisfaction ; ainl it is difficult to imagine how it has happened 
that the evidence which JM. Arago’s observations furnish, of the existence of 
a corresponding variation in the magnitude of the diurnal variation of the 
decrlination in diflbrent years between 1821 and 1830, should have escaped 
the notice, or have failed to be pointed out by the gentlemen by whom at 
]\1. Arago’s request his observations were examined for the purpose of 
making known their riisults. But since it is so, the deficiency may be here 
supplied. 

The means of the twelve monthly-diurnal variations in the years which 
are complete in all the months are as follows : — 


1821 

- 9 ' 

05"*9 

1826 

- 9' 

45 ''*7 

1822 

- 8 

49 -7 

1827 

- 11 

18 *6 

1823 

- 8 

09 -4 

1828 

- 11 

36 2 

1824 

- 8 

12 *0 

1829 

- 13 

43 *7 

1825 

- 9 

40 -1 

1830 

- 12 

23 *7 


The minimum is in 1823 — 1824, and the maximum in 1829. The increase 
is progressive and continuous from the minimum to the maximum; and 
the years before 1823 and after 1829 show portions of a corresponding 
variation. 

The universality, as respects different parts of the globe, of this periodlcid 
inequality in the solar magnetic variations, nmy be judged of by the follow- 
ing table of the amount of the mean diurnal variation, in the years between 
1841 and IS^il, at Munich, in Europe; Toronto, in North America; and 
Ilobarton, in Van Diemen I.slaiid ; stations which are as widely apart, and 
as diverse in circumstances, as can well be. 



TERKESTlllAL MAGNETISM. 


357 


Tills phenomenon of the Dip or Inclination of the magnetic 
needle was observed for the first time hy Kobert Norman, in 
1576. (Phil. Tra7is.for 1738, p. 310.) 

In our hemisphere it is the north end of the needle which 
dips below the horizon; in the southern hemisphere it is the 
02)j)osite end. 

It will readily be conceived that between two such different 
positions or directions there are many intermediate ones ; that 
is to say, tliat at the same moment the magnetic inclination is 
different in diflerent jdaees, and that there must be jioints 
Avliere the inclination is null : the line containing these points 
is called the magnetic equator. 


Years. 


Munich. 


Toronto. 


Ilobarton. 

1841 

- 

7'-82 

- 

9'*50 


8'*28 

1842 

- 

7 -08 

- 

8 -67 


7*75 

1843 

- 

7 15 

- 

8 *90 


7*66 

1844 

- 

6 -61 

- 

8 *87 


7*84 

1845 

- 

8 13 

- 

9 -41 


8 *39. 

1846 


8 -81 

- 

9 *27 


9*06 

1847 


9 *55 

- 

1C *40 


9*93 

1848 


11 T5 

- 

12 T1 


10*63 

1849 


10 -64 

- 

11 *77 


8 *13 

1850 


10 *44 

- 

10*88 

- 

8 *57 

1851 



. 

10 T5 

- 

6*65 


The results of the observations on the mean diurnal variation of the incli- 
nation and of the total force at Toronto and Ilobarton (which are the only 
stations in which the deduction of results is as yet so far advanced), show 
the same periodical ailection. And that the magnetic disturbances partake 
in the same is shown by the following table, containing the ratios of the 
aggregate values of disturbances of the declination exceeding a certain 
amount at Toronto, from the year 1841 to 1848. 


Years. 


Ratios. 

Years. 


Ratios. 

1841 

- 

1*38 

1845 

- 

0*63 

1842 

- 

0*91 

1846 

- 

1*27 

1843 

- 

0*50 

1847 

- 

1*42 

1844 

- 

073 

1848 

- 

1-45 


It would be wrong to omit here the notice of an additional circumstance 
of a highly interesting nature ; viz., that a properly directed examination of 
the observations at Toronto, Hobarton, and St. Helena show that the moon 
exercises a lunar-diurnal influence on the direction of the magnetic needle, 
producing, like the sun, but in a much less degree, two easterly maxima and 
two westerly maxima in every lunar day ; but that in the terrestrial mag- 
netic variation occasioned by the moon there is not the slightest trace in 
different years of the decennial period, which is so distinctly marked in all 
the variations which are connected with the sun.l — Ed. 
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The magnetic poles are the points where the inclination 
needle is vertical. 

The name of lines of equal inclination, or isoclinal, is given 
to lines in passing along which on the earth’s surface with an in- 
clinometer, its needle would always be found to make the same 
angle with the horizon. But, inasmuch as the magnetic in- 
clination at the same place varies with time, it is evident that 
the isoclinal lines spoken of arc liable to displacement and per- 
haps to change of form. In order to be able to estimate the 
value which may belong to observations which cannot be abso- 
lutely simultaneous, it is necessary to study the modifications 
which the inclination undergoes at a particular place. 


CHAP. XII. 

YEARLY CHANGES OF THE INCLINATION, 

The inclination of the magnetic needle at Paris diniinish(?s 
from year to year. This result has been indicated by early 
observations, giving the following numbers : — 


Years. 

1671 

1754 

1776 

1780 

1791 


IncHnations. 

75 ° 

72 15' 
72 25 
71 48 
70 52 


By careful determinations my Illustrious friend Humboldt 
found in — 

1798 - - - - - - 69° 51' 

Beginning from 1810 I made a great number of determina- 
tions of inclination with various instruments, I subjoin the 
results obtained, which are in each case the mean of four ob- 
servations taken both before and after the reversal of the poles 
of the needle. 

7th of October, 1810 (between noon and 2 h. p.m., weather 
cloudy). 

Before inverting the poles - - - 68° 47' 4 

After - - • - - - 68 53-1 


Mean 68 50 *2 
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Observers: MM. Humboldt and Arago. (Instrument by 
Lenoir.) 

IStli of September, 1813 (from 1 1 h. A. M. to 11 h. 30 m. a. m.). 

Before inverting the poles - - - 68® 3r'5 

After - . - - - - 68 39*8 

Mean 68 35*7 

Observer: M. Arago. 

9th of February, 1817 (about 2 h. P.M.). (Lenoir’s Instru- 
ment.) 

Before inverting the poles - - - 68® 17'’8 

After - - - - - - 68 44 *2 

Mean 68 31 *0 

Observers : MM. Arago and Freycinet. 

14th of March, 1817 (about 2 h. P.M.). 

Before inverting the poles - - - 68® 35''6 

After 68 40*1 

Mean 68 37 *8 

Observers: MM. Arago and Freycinet. 

16th of March, 1817 (about 2 h. p.m.) 

Before inverting the poles - - - 68® 34'*3 

After 68 31-0 

Mean 68 32 *6 

Observers : MM. Arago and Freycinet. 

26th of June, 1818 (from 1 h. to 3h. p.m.; fine sky, with 
a few clouds.). Instrument by Gambey, belonging to Mr. 
Ritchie. 

First Nredljb. 

Before inverting the poles - . - 68® 22'*25 

After • " " " • - 68 29 *76 

Mean 68® 26 *0 

Observer : M. Arago% 
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11th July, 1818 (from llh. a.m. to 2h. 30m. p.m. ; sky 
cloudy, with a little wind). Mr. KItchic’s- instrument by 
Gambey. 

Second I^eedle. 

Before inverting the poles - - - 68® 43'* 10 

After 68 27*55 

Mean 68 35 *32 


Observer : M. Arago. 

11th of March, 1819 (from noon to 3h. P.M. ; sky cloudy). 
Instrument by Gamjbey, intended for the University of Cam- 
bridge, in the United States. 

First Needle. 

Before inverting the poles . - - 68° 20'*8 

After 68 13*5 

Mean 68 17*2 


Observer : M. Arago. 

11th of March, 1819. 

Second Needle. 

Before inverting the poles . - - 68° 10'’6 

After - - - - - - 68 39 *4 

Mean 68 25 *0 


Observer : M. Arago. 

28th of April, 1822. Instrument by Lenoir, the same which 
was taken by M. Duperrey on his voyage of circumnavigation. 

Needle No. 2. 

Before inverting the poles . - - 68° 40' 

After - - • - - -68 5 

Mean 68 22 *5 

By observations in two azimuths 90® apart, with the same 
needle 68® 16'. 

Observers : MM. Arago and Duperrey. 

15th of June, 1822 (from 8h. to 8h. 30m. p.m.). Instru- 
ment by Gambey, intended for the University of Abo, in 
Finland. 
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Needle No. 1. 

Before inverting the poles - - 67° 50''60 

After - - - - - - 68 27*65 

Mean 68 9 *1 


18th of June, 1822. Same instrument as on the 15th. 
Needle No. 2. 

Before inverting the poles - - - 68° 15'*6 

After 68 8 *9 

Mean 68 12 *25 

With the same needle, in two azimuths 90° apart, 68° 12'"10. 
Observer : M. Arago. 

11th of November, 1823 (about 2h. r.M.). Instrument be- 
longing to the Observatory ; needle by Gambey. 

Before inverting the poles - - - 68° 20'*05 

After 67 57*10 

Mean 68 8 *6 


Observer : M. Arago. 

19th of August, 1825 (about 2h, p.M. ; weather cloudy). 
Observatory instrument ; Gambey’s needle, marked a. 

Before inverting the poles - • . 68° 11''5 

After 67 50*5 

Mean 68 1 *0 

The observations made in two azimuths 90° apart gave 
67° 50'-30, 

Observer : M. Arago. 

19th of June, 1829 (between 3 h. and 5h. ; sky cloudy). 
Instrument by Gambey, intended for Frey berg. 

Needle No. 1. 

Before reversing the poles - . - 67° 45'‘9 

After - *• - - - • 67 44 *9 

Mean 67 45*4 


Observers : MM. Arago and Reich. 
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19th of June, 1829 (between 4| h. and 5 li.). 

Needle No. 2. 

Before reversing the poles - - - G7® 36''0 

After 67 40-8 

Mean 67 38 *4 


Observers : MM. Arago and Reich. 

21st of June, 1829 (between noon and 2 h. 30 m.). (Same 
instrument and needle No. 2.) 

Before reversing the poles . - - 67° 43.'*2 

After - - - - - - 67 28 *9 

Mean 67 36*0 

Observations made in two azimuths 90° apart, 67° 36'*8. 
Observer: M. Arago. 

22nd of June, 1829 (between 4 h. and 5h. p.M. ; rain and 
thunder). 

First Needle for Frey berg. 

Before inverting the poles - - . 67° 44'*5 

After - - - - - - 67 40*6 

Mean 67 42*5 


24th of June, 1829 (between 11 h. 45 m. A.M. and 1 h. 45 m. 
r. M. ; sky cloudy). 

First Needle for Frey burg. 

Before reversing the poles - - - 67° 48'*0 

After 67 43-2 

Mean 67 45 *6 


By observations made in two azimuths 90° apart, 67° 44'*7. 
Observer : M. Arago. 

It is remarkable that the two needles gave results differing 
7' from each other, this difference being nearly the same when 
the inclination is deduced from two rectangular azimuths. 
What may be the cause of such an anomaly ? 

14th of May, 1831 (from 2h. 30m. to 3 h. 30m. P.M. ; 
weather fine). (Instrument made by Gambey for Mr. Encke). 
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First Needle. 

Before reversing the poles - - - 67° 42'*o 

After - - - - - - 67 42 *7 

Mean 67 42 *3 


14tli of May, 1831 (from 4 h. to 5 h. r.M. ; clear sky. 

Second Needle. 

Before reversing the poles - - - 67° 46'*4 

After - - - - - - 67 41 *2 

Mean 67 43*8 

Observer: M. Arago. 

12th of November, 1831 (between 10 h. and llh. A.3i. ; 
sky cloudy). 

Needle No. 2. intended for Mr. Kudberg. 

Before reversing the poles « • - 67° 40'‘9 

After - - - - - - 67 36*3 

Mean 67 38 *6 


Observers : MM. Arago and Rudberg. 

12th of November, 1831 (from 2 h. to 3 h. 30 m. p.3i. ; sky 
cloudy). 

Needle No. 1. by Gambey, intended for Mr. Rudberg at 
Stockholm. 

Before the reversal of the poles - - - 67° 43'-5 

After 67 40-7 

Mean 67 42 *1 


Observers : MM. Arago and Rudberg. 

The above observations would only admit of comparison 
strictly and with mathematical exactness, if they had all been 
made at the same season of the year and the same hour of the 
day ; for the inclination, like the declination, is subject to an 
annual change, and even to a diurnal variation, as I ascertained 
as early as 1827 by direct observation with microscopes view- 
ing the two extremities of the dipping needle. These observa- 
tions will be discussed in a separate chapter, and it will be seen 
that the genex’al phenomenon of the yearly diminution of the 
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inclination is not masked by the diurnal and season variations 
which are shown to exist. I transcribe determinations recorded 
in the Annuaire du Bureau des Longitudes^ which have been 
made here since I have ceased to follow up these investigations 
myself. 


Diite of Observation. 

July 3, 1835, 9 a.iii. - 
January 6, 1849, 2 p.m. 
December 1, 1849, 3 p.m. 
November 28, 1850, 2 p. m. - 
November 20, 1851, 2. 30' p.m. 


Inclination. 

- 67'’ 24' 

- 66 45 

- 66 44 

- 66 37 

- 66 35 


Observations made in London have also shown the same 
phenomenon of a decrease of inclination. In the ‘^Philo- 
sophical Transactions for 1806, p. 395.,” there is the follow- 
ing table given by Gilpin : — 


1786 - 

- 72° 

5' 

1797 - 

- 70° 

59 

1787 - 

- 72 

5 

1798 - 

- 70 

55 

1788 - 

- 72 

4 

1799 - 

- 70 

52 

1789 - 

- 71 

55 

1801 

- 70 

36 

1790 - 

- 71 

54 

1803 - 

- 70 

32 

1791 - 

- 71 

24 

1805 - 

- 70 

21 

1795 - 

- 71 

24 





We cannot venture to predict from a knowledge of the pre- 
sent rate of yearly decrease what will be the future march of 
the inclination. 


[To the observations recorded by Gilpin, as having been made in 
London from 1786 to 1805, may be added three subsequent determinations 
at epochs considerably distant from each other, made with great care lor 
the purpose of ascertaining the rate of annual decrease of the magnetic 
inclination during the period comprised by the observations. The first of 
these, in August, 1821, was made by the editor of this translation in a part 
of the Regent’s Park then used as a nursery garden, and now included in 
the Botanic Garden* To obviate what was known to be a frequent cause 
of error in the dipping needles of that period, arising from imperfections of 
workmanship in the axle, a needle was employed made on a principle sug- 
gested by Professor Tobias Mayer, in a memoir published in 1814 in the Trans- 
actions of the Royal Society of Gottingen, according to which the centres of 
motion and of gravity of the needle were designedly separated by means of 
a weight applied in the perpendicular to the axis of motion ; the needle 
was thus made to rest on different parts of the axle in the different posi- 
tions in which the circle is placed in the course of the observation, whilst an 
additional force was derived from the weight of the needle in aid of the 
magnetic force, in overcoming the influence of other imperfections of work- 
manship either of the axle or of the supporting planes. By varying the 
weight and the azimuth in which the observations are made, and by re- 
versing the poles, almost every part of the axle may be made in turn the 
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CHAP. XIIL 

VARIATION OF THE MAGNETIC INCLINATION IN DIFFERENT PARTS OF 

THE EARTH. 

The inclination varies rapidly in changing the latitude. We 
have just seen that at Paris the angle with the horizon is about 


point of support, causing errors from irregular curvature, if any exist, to 
disappear in tbe mean result. The perfection to which the manufacture of 
inclinometers has been carried in England in the last twenty years, originally 
by Mr. Robinson, and subsequently by his successor, Mr. Henry Barrow, has 
nearly superseded the use of needles on Professor Mayer’s construction ; but 
in 1821 English dipping needles of the ordinary construction were comparatively 
inferieft. The observations with Mayer’s needle in the Regent’s Park in 1821 
were repeated on several days between the 3rd and the 10th of August, in 
order that they might afford a nearer approximation to the true mean dip 
of the period. The moan of 10 partial results, the particulars of which are 
recorded in the Phil. Trans, of the year 1822, Art. I. (the Bakerian 
Lecture), of which the least was 70® 00'*1 and the greatest 70® 05'-9 was 
70® 02' 91. 

The next determination (in the order of time) of the inclination in London 
W. 1 S one wliich is entitled, from the number of well-practised observers, the 
excellence of the instruments, and the number of repetitions, to a more than 
ordinary degree of reliance. It is the dot einiii nation made in 1837 and 1838, 
in the course of the Magnetic Survey of Great Britain, and is recorded in the 
eighth volume of the Reports of the British Association for the Advance- 
ment of Science (1839), The observers were Messrs. Robert Were Fox 
and John Phillips, Captains Sir James Clark Ross and Edward Johnson of 
the Royal Navy, and the Editor. The instruments were those of Robinson, 
Gambey, and Jordan. The general mean corresponding to May, 1838, 
was 69® 17'*3. 

With these earlier determinations we have now to compare the result of 
observations made by the editor, and IMr. John Welsh of the Kew Ob- 
servatory of the British Association, in August, 1854, in. the same month, 
and at the same spot, in the Botanic Garden in the Regent’s Park, in which 
the observations in 1821 — 33 years previously — had been made. The pur- 
pose on this occasion was twofold ; first, to obtain a result for August, 
1854, which might be as strictly comparable as possible with that of 
August, 1821 ; and second, to ascertain the difference, if any, between the 
dip in the Regent’s Park and at the Kew Observatory, so that the observa- 
tions which may be henceforward made at Kew may be brought into strict 
comparison with those made in the Regent’s Park in 1821 ; whereby it may 
be hoped that the record of tlie secular change of the inclination, which has 
now been carried on from 1821 to 1854, may be permanently continued. 
The observations in 1854 were made with two of Barrow’s inclinometers 
fitted with verniers and microscopes according to the modern English 
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66 ^°; in 15 N. lat. it is only 50°, and at places near the equator 
the needle is horizontal. 

In 1774, in 79° 44' lat.. Captain Phipps found an inclination 
of 82° 9'. In more recent times, in 1830, Captain James Ross 
observed at a point where the needle is absolutely vertical. 
This northern magnetic pole was then in 70° 5' 17'' N. lat. and 
96° 43' W. long, from Greenwich. The south magnetic pole 
has not yet been actually reached. 


mode. The instrument distinguished here as the Kew circle is the same as 
that with which a monthly series will hereafter be made in the magnetic 
house attached to the Kew Observatory. The other inclinometer was 
made for Professor Ilunsteen, of the Observatory at Christiania in Norway. 
Each instrument is furnished with two needles. 

The following are the results obtained : — 


No. 

Date. of Inclinometer. Inclination. 

Obs. 

1854 Aug. 11 4 Hansteen (both needles) 68° 3P*73 

„ Aug. 12 4 Kew (both needles) 68 29 *36 

„ Aug. 16 2 Kew (both needles) 68 29 *25 

„ Sept. 6 4 Hansteen (both needles) 68 31 *99 

„ Se])t. 18 2 Kew (both needles) 68 33 *73 

„ Sept. 18 2 Hansteen (both needles) 68 31 *04 


Locality^ 

Regent’s Park. 
Regent’s Park. 
Kew Observatory. 
Kew Observatory. 
Kew Observatory. 
Kew Observatory. 


Mean, — allowing weight for the number of observations, — 68° 3P'13. 
Mean in the Regent’s Park, 68° 30'*55 ; at the Kew Observatory, 
68° 31 '*6. The difference between the mean result at the two stations 
being less than the probable error of observation, the mean of the 18 
determinations is taken as the inclination in London corresponding to the 
beginning of September, 1854. 

The observations on August 11, 12, and 16 were matle by the editor and 
by Mr. Welsh conjointly. Those on September 6 and 18 by Mr. Welsh 
alone. The hours were from 11 a.ni. to 4 p.m. 

For the comparison of the epochs wc have, then, — 


August, 1821 

- 

- 70° 

02'*91 

May, 1838 - - . 

. 

- 69 

17*30 

August and September, 1854 

- 

- 68 

31 *13 


Years. 

Decre.ise. 

Annual 

Dcicrease, 

Between the 1st and 2nd epochs 

- 16*75 

45'*61 

2'*72 

Between the 2nd and 3rd epochs 

- 16*33 

46*17 

2*83 

Between the 1st and 3rd epochs 

- 33*08 

91 *78 

2-77 


Whence we may conclude that the magnetic inclination in London Ims 
been diininlsljing, in the period between 1821 and 1854, at a nearly uniform 
annual rate of 2'*77 ; and by comparison with the earlier observations, 
noticed by M. Arago as having been recorded by Gilpin, it further ap- 
pears that the average annual rate in the last 33 years has been less than 
it was in the preceding 33 years.] — Ed. 
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In a journey to Italy in 1825, 
inclination, which I place here : - 

Geneva, September 2 - 
Venice, September 19 ^ 
Florence, September 26 
Florence, September 30 
Turin, October 10 
Lyons, October 20 


I made a few observations of 


65° 58' *2 
63 55 -4 

62 58 *6 

63 9 *5 

64 53 *0 

65 39 -2 


CHAP. XIV. 

CHANGE OP PLACE OF THE MAGNETIC EQUATOR. 

The line of no inclination, or magnetic equator, intersects the 
terrestrial equator at an acute angle, so that one of its portions 
is in the northern, and the other in the southern hemisphere. 

The points of intersection are called nodes, M. Kupffer, in 
a memoir on Terrestrial Magnetism, published in 1827, in the 

Annales dc Chiinic ct de Physique,’’ 2° serie, t. xxv. p. 231. 
expressed himself in the following manner : — 

It is proved by the most recent observations, and principally 
by the discussion of all the inclinations observed in the voyage 
of circumnavigation of the ^ Coquille,’ published by M. Arago 
in December, 1825, that the magnetic equator moves from east 
to west.” 

It was in seeking to conciliate observations of the inclination, 
made at ditferent and distant periods, at places not far removed 
from the magnetic equator, that I was led to recognise the pro- 
gressive advance of the whole of that equator from east to west. 
The discussion which I went into on this subject will be found 
in my report of the voyage of the Coquille,” under the com- 
mand of M. Duperrey, in 1822 — 1825. 

It is now thought that the movement of the magnetic equator 
is accompanied by a change of fox’in. The study of other iso- 

* [The position, in 1822, of one of the nodes, or points of intersection of 
the geographical and magnetical equators, was determined by the Editor, 
by direct observation in May, 1822, to be in the island of St. T'liomas on the 
west coast of Africa, in 6° 45' east longitude. This determination was pro- 
bably unknown to M, Arago when he discussed the observations of the 
“ Coquette” in 1825, and to M. KuplFer, when he published his memoir on 
terrestrial magnetism in 1827 ; since it was not referred to by either of the 
gentlemen, whilst it corroborates the deduction they announced of the eastern 
movement of the node in question.] — Ed. 
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clinal lines, looked at in tins view, will offer no less interest. 
It will be highly curious, when all these lines shall have been 
laid down on maps, to follow them by the eye in their displace- 
ments and their changes of curvature; and important truths 
may spring to light from such investigations. It will now be 
understood why we ask for as many observations of inclination 
as voyagers can furnish. 

It has been frequently agitated whether, *as a general ques- 
tion, the inclination needle would indicate at any given place 
exactly the same dip at the surface of the earth, — at a great 
height above it, in the air, —and at a great depth below it, in a 
mine. The absence of uniformity in the character of the soil 
renders the solution of this question very difficult. Observa- 
tions made in a balloon are not sufficiently exact. On a moun- 
tain the observer is exposed to local attractions which may 
notably alter the inclinations of the needle without his being 
aware of it. The same cause of uncertainty attaches to obser- 
vations in mines. It is not indeed absolutely impossible to 
determine, for any particular place, what is due to accidental 
circumstances ; but to do so requires instruments of great pre- • 
cision, — the power of going to a distance from the selected 
place in all directions, — and observations much more often re- 
peated than are ordinarily within the power of a traveller. 
Observations of this kind are, however, worthy of attention, 
and may perhaps lead at a future time to some general result. 


CHAP. XV. 

ON THE INTENSITY OF THE MAGNETIC FORCE. 

In all the phenomena of which we have been speaking, the 
terrestrial globe performs, relatively to the needles, the office 

* [Mr. Hansteen’s Treatise, “ Magnetismus der Erdc,” published in 1819, 
contains maps of the isoclinal lines in 1600, 1700, and 1780, For that of 
1600, the authorities, though few, are shown to be entitled to much con- 
fidence; those for the map of 1700 ere much more numerous; but that of 
1780 is the first tolerably complete system of the isoclinal lines warranted 
by observations. These maps will be found of great service to those who 
may desire to study the movements of translation and the changes of form 
which these lines have undergone and are undergoing.]— En. 
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of a real magnet. But does the magnetic property of the earth 
preserve the same degree of Intensity at all parts of the globe ? 
Is it probable, as some persons have thought, that, in the 
same geographical position, it experiences a sensible diminu- 
tion in ascending into the atmosphere ? These important ques- 
tions present themselves immediately to the mind, but researches 
upon them belong only to recent times. 

We have said above, that when a magnetic needle Is freely 
suspended, it always places Itself in a plane called the magnetic 
meridian; and that when left to itself, after having been di- 
verted from that plane, it reverts to It, making, in so doing, 
vibrations of greater or less extent on either side of it. The 
effect of the magnetic force, in producing these vibrations, is 
analogous to that which gravity exercises on a pendulum In 
motion ; the vibrations will be so much the more rapid as the 
intensity of the magnetic force is more considerable ; and we 
can take, as the measure of this intensity, tlxc square of the 
number of vibrations performed by the needle in a given time. 
Therefore the proportion between the intensities of the mag- 
netic force at any two given places will be equal to the pro- 
portion of the squares of the number of vibrations performed 
by one and the same needle, in the same interval of time, at 
those two places. 

Graham appears to have been the first person who directed 
his attention to the intensity of the force of terrestrial mag- 
netism ; Musschenbrocck made some efforts to solve the question, 
and Lemoimier sliowed Its importance. But regular observa- 
tions of intensity date only from the voyages of D’Entrecasteaux 
and Humboldt, and already observations of this nature have 
shed a bright light on the so highly complicated, and at the 
same time so highly interesting, question of terrestrial mag- 
netism. This kind of observation deserves in the highest de- 
gree the attention of all voyagers and travellers attached to 
science, for at the present time the theorist finds himself 
arrested at each step by the want of exact determinations. 


B B 
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CHAR XVI. 

ON A METHOP OP MfcASURING THE VARIATIONS OP TERRESTRIAL 
MAGNETISM AT DIFFERENT POINTS ON THE GLOBE. 

As we have just said, in order to learn the magnetic force of 
the globe at a given place, we make a horizontal needle vibrate, 
and we count the number of its vibrations in a given time. 
But in comparisons of this kind, it is necessary that the needle 
should have preserved its charge of magnetism unaltered during 
whatever interval of time may have elapsed between the obser- 
vations to be compared. At the meeting of the Bureau des 
Longitudes of the 16th of November, 1825, 1 proposed a method 
by which the observer might assure himself of this invariability, 
by comparing the magnetism of the needle with gravity. 

The proceeding which I imagined is grounded on the pro- 
perty which a magnetic needle possesses when placed near a 
rotating metallic plate, of being carried round by it with a force 
proportioned to the intensity of its magnetism. By making the 
experiment in a plane perpendicular to the direction of the dip- 
ping-needle, we become independent of the action of the earth’s 
magnetism. Small weights or counterpoises attached to each 
of the poles of the needles, producing with a given velocity of 
the plate deviations of 10®, 20®, 30®, &c., will give the measure 
of the magnetic force of the poles. If we could be satisfied 
that science possesses the means of reproducing at will iron 
endowed with exactly the same properties, we might substitute 
the angular deviation produced by a certain mass of metal for 
the deviation occasioned by the rotation of the plate. How- 
ever this may be, a needle preliminarily tested by this latter 
proceeding will, as is seen, become an excellent means of esti- 
mating the periodical and secular changes of intensity to which 
the magnetic force of our globe may be subject. 

[The object which M. Arago had in view in the suggestion at the close 
of this Chapter, viz., that of obtaining a measure of the force of the earth’s 
magnetism, which should be independent of the magnetic moment of the 
needle employed in the process, and of expressing it in terms which should 
enable a strict comparison to be made, in future times, between the force 
which now prevails at any given spot, and that which may hereafter pre- 
vail at the same spot at any subsequent period of the world’s history, has 
been realised by a method of which the first practical exposition was made in a 
memoir of Gauss’s, entitled “ Intensitas Vis Magnetic^ Terrestris ad Men- 
suram absolutam rcvocata. Gottingen, 1833.” This method, with many 
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CHAP. XVII. 

ON TUB VARIATIONS OP INTENSITY OF THE MAGNETIC FORCE WITH 

ELEVATION. 

The aerostatic ascents of Biot and Gay Lussac, formerly ex- 
ecuted under the auspices of the Academy, were designed in 
great part for the examination of this capital question — Has 
the magnetic force which, at the surface of the earth, acts on a 
magnetic needle, exactly the same degree of intensity whatever 
may be the elevation to which the needle is carried ? 

The observations of two members of our Academy, made in 
mountainous countries — those of Humboldt, and the still older 
ones of De Saussure — appeared to show that at the greatest 
elevations attainable by man the diminution of magnetic force 
is still inappreciable. 

This conclusion* has been recently controverted. It has 
been remarked that in Gay Lussac’s balloon ascent the ther- 
mometer which, on the ground, immediately previous to the 
ascent, marked 87^°, had sunk to 16® in the aerial region in 
which the needle was made to vibrate a second time ; and it is 
now perfectly well established, that at the same spot, under the 
action of the same force, the same needle will vibrate more 
rapidly as the temperature is lower. Thus, for example, M. 
Xupffer found that a cast steel cylindrical needle, 2^ inches in 
length, performed 300 vibrations 

Fahr. 

In 13' 1 1 "*5 at a temperature, of (in round numbers) - 29® 

In 13 * 17 *5 y, • 54 

In 13 25 *0 „ „ „ - 90 


instrumental modifications to improve its practical applicability, lias been 
adopted and employed for the last fifteen years in magnetic observatories and 
surveys, and is known usually under the name of the determination of the 
earth’s absolute horizontal magnetic force. A description of a convenient 
form of apparatus for this purpose, to be employed in surveys or in obser- 
vatories, may be found in the “ Manual of Scientific Enquiry,” printed by 
the Lords Commissioners of the Admiralty, for the use of officers in Her 
Majesty’s navy, and travellers in general (2nd edition, 1851. Art. Terrestrial 
Magnetism. App. No. 1. Unifilar Magnetometer.)] — Eu. 

* [A paragraph seems to be wanting to state expressly, what is however 
implied, viz., that the balloon experiments were at first supposed (o corro- 
borate the inference, that elevation made no sensible difference in the mag- 
netic force.] — E d. 
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Therefore, in order to render truly comparable the observations 
made at the surface of the earth and in the balloon, it would 
have been necessary to apply to the latter a certain correction 
corresjDondIng to the difference of temperature, to be subtracted 
from the magnetic force which they appeared to indicate. Since 
then, in this ascent, the force attracting the Heedle on the 
ground and in the higher regions of the atmosphere appeared 
to be equal, the true inference is that there was a real diminu- 
tion of force at the higher point. 

A diminution of magnetic force with increasing height seems 
also to result from M. Kupffer’s observations, made in 1829, on 
ascending Mount Elbrouz, in the Caucasus. In these experi- 
ments, the effect of differences of temperature was carefully 
allowed for : various irregularities in the march of the inclina- 
tion throw, however, some doubts on the result. 

Experiments, having for their object the determination of 
this question, are therefore still much wanted. 


CHAP. XVIII. 

ON THE RELATIONS BETWEEN THE INCLINATION AND THE INTENSITY 
OF THE earth’s 3IAGNET1C FORCE. 

Measured with the same needle, at the same place, the mag- 
netic intensity is found to change with time. Do these changes 
depend simply on the variation in the direction of the force ? 
As the comparison is made by means of the times of vibration 
of a horizontal needle, it is evident that the greater the inclina- 
tion in the direction of the earth’s force tlic smaller will be the 
horizontal component. It follows that tliere must be at any 
given place a certain dependence between the variations of 
magnetic intensity so measured, and the variations of the incli- 
nation ; but it remains to inquire whether the absolute intensity 
of the magnetic force docs not vary independently of any modi- 
fication in its direction. 

Gilpin, in the Phil. Trans, for 1806, said that the inclination- 
needle in London does not undergo any sensible diurnal 
variation. 

Hanstcen, of Christiania, on the contrary, in the summer of 
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1820, found, with a very good dipping needle by Dolland, the 
inclination four or five minutes greater in the morning than in 
the afternoon : he also thought that the inclination was subjects 
at Christiania, to an annual variation, making it fifteen minute® 
greater in summer than in winter. 

He had found by the vibrations of a horizontal needle the 
following results ; — 

1. That the intensity of the horizontal magnetic force is 
subject to a diurnal variation. 

2. That the minimum of this intensity occurs between ten 
and eleven in the morning, and the maximum between four 
and five in the afternoon. 

3. A variation In the mean monthly intensities. 

4. That the mean intensity about the time of the winter 
solstice was much greater than that found near the summer 
solstice. 

But in regard to this last result, the author added, that on 
taking Into account the corrections due to the variation of the 
inclination, the variation in the intensity was found to be merely 
apparent. 

It is to be remarked that in the above results M. Ilansteen 
did not make any allowance for the influence of temperature 
on the time of vibration of the horizontal needle employed. 
{Annales de Physique et de Chimie^ 2® serie, t. xvii. p. 126. 
1822.) 

In the Phil. Trans, for 1823 there is a memoir by Mr. Bar- 
low on diurnal variation. He succeeded, as mentioned in 
p. 345., in magnifying the amplitude of the diurnal variation by 
the use of fixed magnets. He tried to apply the same method 
to the diurnal variations of the inclination, but did not obtain 
any numerical determination pf those variations. 

In February, 1825, during Parry’s third Arctic voyage. 
Lieutenant Foster tried to make direct measurement of the 
variations of the inclination at Port Bowen ; he did not succeed, 
however, because they were too small. 

Foster measured the time of vibration of a dipping needle, 
and having also observed the variations of the horizontal force 
by means of vibrations, he inferred from his observations that 
the alterations of the horizontal component proceeded in great 
part from changes in thg inclination. 

Kupfter, in 1827, sought to explain the variations of force 

BBS 
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measured with a horizontal needle by variations in the inclina- 
tion, but without adducing any experimental proof. 

I will now cite some extracts from the reports, or proces 
verbauXf of the sittings of the Bureau des Longitudes, which 
will show distinctly the course followed by myself for some 
years with the view of elucidating this question. 

Under date 23rd May, 1827 : — 

M. Arago announced that the observations of inclination 
which he has been making for some months, indicate a diurnal 
variation. The inclination of the needle is from to 2 
minutes greater in the morning than in the evening. The 
intensity measured by a horizontal needle is greater in ihe 
evening than in the morning. It would, therefore, be possible 
that this variation in the intensity might depend solely on that 
of the inclination.” 

19th September, *1827 : — 

M. Arago gave an account of simultaneous observations of 
intensity and inclination made by him since the beginning of 
the year. The inclination diminishes at the hours when the 
intensity measured by a horizontal needle increases; but the 
change is not sufficient to explain the whole of the variation in 
the intensity.” 

On the 19th of November, 1828, I was more explicit, as will 
be seen by the following extract from the proces verbal: — 

M. Arago gave fresh details respecting the observations of 
inclination and intensity which he has made for some years 
past. The diurnal variation of the inclination is not sufficient 
to explain the changes of intensity deduced from the observa- 
tions with the horizontal needle. It may, therefore, be inferred 
that the absolute magnetic force of the earth varies at the same 
place at different hours of the day.” 


CHAP. XIX. 

VARIATION OF THE MAGNETIC FORCE AT PARIS. 

The preceding authentic deductions permit me to collect here, 
without discussion, the results which I obtained for the mea- 
sure of the intensity of the magnetic force. 
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The observations were made in the morning between eight 
and nine, and in the evening between six and seven o’clock. 


Mean Time of 300 Vibrations — Morning. 




1825. 

1826. 

1827. 

1828. 

1829. 


Min* Sec. 

Min. Sec. 

M^. Sec. 

Min. Sec. 

Min. Sec. 

January 


- 

- 

if 49-87 

11 49-15 

n 48-04 

February - 

11 

50-98 

- 

11 49-38 

11 49*23 


March 

11 

51-17 

• 

11 49-72 

11 49-35 

11 48-37 

April - 

11 

51-62 

. 

11 50-33 

11 49-52 

11 48-84 

May - 


• 

. 

11 50-08 

11 49 53 


J line - 

11 

51-77 

- 

11 49*87 

11 49*53 


July - 


• 

• 

11 50 07 

11 51*35 

11 48-73 

August 

11 

51-63 

11 51-72 

11 51-01 

11 51-57 


September - 


- 

- 

11 50-35 



October 


- 

11 50*80 

11 49*94 



November - 


. 

• 

11 49*48 



December - 


- 

- 

11 49 07 

11 48 87 


Means - 

11 

51-43 

11 51-26 

11 49*93 

n 49-79 

11 48-49 

Mean Time of 300 Vibrations — 

Evening. 



1825. 

182G. 

1827. 

1828. 

1829. • 


Min. Sec. 

Min. Sec. 

Min. See. 

Min. Sec. 

Min. Sec. 

January - 


- 

- 

11 49-86 

11 48-78 

11 48-08 

February - 

11 

50-75 

- 

11 49*42 

11 48*96 


March 

11 

51-10 

- 

11 49-58 

11 48*77 

11 47-91 

April - 

11 

50-97 

- 

11 49*53 

11 48*77 

11 47-41 

May - 


- 

• 

11 49-36 

11 48*69 


June - 

11 

50-99 

. 

11 49*29 

11 48-72 


July - 



- 

11 49*45 

11 50-64 

11 47-95 

August 




11 49-47 

11 50-66 


September - 



- 

11 49-57 



October 



- 

11 49-57 



November - 




11 49*12 



December - 



- 

11 48-70 

11 48-54 


Means 

11 

50-95 


11 49-41 

11 49-17 

11 47-84 


Thus we see that the horizontal component of the intensity 
of the magnetic force at Paris is less in the morning than in 
the evening ; and we also see that it augments from one year to 
the next. 

In the years 1827, 1828, and 1829, at the same hours at 
which I observed the time of 300 vibrations, I also observed 
the inclination of the magnetic needle and the temperature of 
the room in which the experiments were made. It is desirable 
to place these latter data by the side of the numbers which 
precede them. 


uni 
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Mean of the Inclinations observed during the Determinations of 
the Horizontal Force in the Morning. 





1827 . 


1828 . 


1829 . 

eTaniiary 

- 

- 

- 

68® 

24'*77 

68® 19'*66 

February 


- 

68°^9'*73 

68® 

24 *65 



March - 


- 

68 29 *93 

68 

23 *20 

68 

19*28 

April 


- 

68 35*14 

68 

24 *39 

68 

19*60 

May 


- 

68 37*29 

68 

24 *44 



June 



68 35*43 

68 

27 *50 



July 



68 38*78 

69 

13*18 

68 

39 *80 

August - 



68" 55 *61 

69 

7*20 



September 



68 43*51 





October 



68 33*57 





November 

- 


68 31 *00 





December 

- 


68 30*22 

68 

20 *47 



Means 

. 

. 

68 36-38 

68 

34*42 

68 

24 *58 


Mean of the Inclinations observed during the Determinations of 
the Horizontal Force in the Evening. 




1827 . 

1828 . 

1820 . 

January 


- 

- 

68® 

23'*91 

68® 

20'*34 

February 


68® 

24'*00 

68 

24 *48 



March - 


68 

30 *50 

68 

22 *40 

68 

18*49 

April 


68 

33 *00 

68 

22 *90 

68 

17*50 

May 


68 

35 *80 

68 

23 *22 



June 


68 

33 *75 

68 

26 *38 



July 


68 

35 *27 

69 

6*10 

68 

30 *34 

August - 


68 

52 *44 

69 

6*13 



September 


68 

42 *68 





October 


68 

32 *95 





November 


68 

31 *41 





December 


68 

29 *93 

68 

18 *80 



Means 

- 

68 

34 *70 

68 

32 -70 

68 

21 *67 


I do not give these results with the view of discussing the 
variations of the inclination, but only for tlie sake of placing 
them by the side of the preceding determinations of the varia- 
tions of the force. I shall give in a separate chapter observa- 
tions of the diurnal variation of the inclination which I made 
with great care. The figures in the above table are direct 
determinations of absolute inclination, made solely on days and 
at hours when I was determining the intensity of the magnetic 
force, — viz. on 105 days of observation in 1827, 52 in 1828, 
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and 30 in 1829. The following temperatures were those of 
the place in which my observations were made on those days 
and at those hours.' 





Morning. 



Evening. 




1827. 

1828. 

1829. 

1827. 

1828. 

1829. 

January 

- 

3°9 

8^-6 


3^*7 

8°6 

4°0 

February 

- 

1 *1 

7*7 

- 

1 *4 

8 -1 


March - 

- 

9 -0 

9 -3 

6 -8 

9 *5 

10 *7 

7 -8 

April - 

- 

13 *4 

13 *0 

11 *8 

14 -3 

13 -9 

11 *7 

May 

- 

17 -1 

17 -6 

- 

18 *3 

18 *3 


J une - 

- 

21 *6 

22 -5 

. 

22 2 

23 *0 


July 

- 

24 *9 

23 C 

22 6 

25 *9 

23 -9 

23 -2 

August 

- 

23 *4 

23 -1 


23 *7 

23 '5 


September 

- 

21 *2 

- 


21 *8 



October 

- 

17 *7 

- 


18 -3 



November 

- 

12 *1 

- 


14 *5 



December 

- 

8 *9 

7 *9 


9 ’5 

8 *3 



It will be seen that as the temperature of the instrmncnts 
was always a little higher in the evening than in the morning, 
the increase of force in the evening cannot be ascribed to that 
cause, since (as we have seen above from M. Kupffer, p. 371.) 
the intensity of the magnetic force in a needle diminishes when 
its temperature increases. 

The influence of the inclination remains to be considered. 
We have just seen that the inclination is about 2' less in the 
evening than in the morning ; this corresponds, indeed, to an 
increase in the horizontal component of the intensity, but to an 
increase very far below that which is indicated by the observa- 
tions. We see, moreover, that the force increased from 1827 
to 1828, and from 1828 to 1829, while the inclination was 
greater in 1828 than cither in 1827 or in 1829. I was, there- 
fore, enabled to state with confidence to the Burccau des Lon- 
gitudes, at their meeting on the 18th of February, 1829, that 
the absolute intensity of the earth’s magnetic force underwent 
at a given place both diurnal variations and changes from one 
year to another. 

[As the relative temperatures are in this case the only object, it appeared 
useless to convert them into Fahrenheit’s scale ; and they are, therefore, left 
in the centesimal scale in which they are given in the original.] — Ed. 
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CHAP. XX. 

ON THE INTENSITY OF THE EARTH’S MAGNETIC FORCE DURING 
SOLAR ECLIPSES. 

M. Lion, Professor of Physics at Beaune, communicated to 
the Academy, at its meeting of the 4th of August, 1851, a 
note relative to the eclipse of the sun on the 28th of July. In 
this note M. Lion announced that during that eclipse, which, 
as every one knows, was only partial in France, a horizontal 
magnetic needle had indicated a considerable change in the 
magnetic force. No commission was appointed at the time, 
but M. Lion himself, with the view of removing the doubts 
which had arisen on his first communication, sent an additional 
explanatory note on the 11th of August. 

Lastly, M. Lion wrote to the Academy a letter, which was 
inserted entire in the Compte rendu ” of .the meeting of the 
9th of February, 1852, in which he stated that, according to 
observations which he had made, the horizontal needle indicates 
a variation of magnetic force at the time of a solar eclipse, even 
at places where the eclipse is not visible. He prayed the 
Academy to appoint a commission to verify his supposed dis- 
covery, proposing particularly that this should be done for the 
invisible eclipse of the 17th of June, 1852.* The Academy 
consented, and charged a commission, consisting of four mem- 
bers, to make the desired verification. 

I was one of the commissioners, and undertook the functions 
of reporter. I requested my assistants, MM. Laugier, Mau- 
vais, Goujon, and Charles Mathieu, to make in my presence 
the observations of which I subjoin the results. 

16th of June, 1852, Paris mean time ; — 


of Observation. 

Time of 300 Vibrations of a 
horizontal Needle. 

Temperature 

(Centesimal). 

A . 

m. 

m. 

8. 

o 

8 

33 

11 

38-9 

180 

8 

48 

n 

342 

180 

10 

24 

11 

360 

180 

11 

28 

11 

351 

180 

0 

43 

11 

34-2 

18-0 

1 

33 

11 

34*8 

181 

2 

34 

11 

33-6 

18-0 

3 

37 

11 

33-6 

180 

4 

32 

11 

34-2 

18*8 
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Time of 300 Vibrations of a 

Time of Observation. horizontal Needle. 

Temperature 

(Centesimal). 

h. 

m. 

m. 

a. 

0 

5 

38 

11 

34-2' 

18*8 

6 

49 

11 

33-0 

18*8 

6 

57 

11 

330 

18*8 

7 

59 

11 

34*5 

18*5 

8 

9 

11 

33*9 

18*5 

17th of June, 

1852, Paris mean time: — 


A. 

M. 

m. 

s. 

0 

9 

0 

11 

34*8 

18*1 

9 

36 

11 

33*9 

18*5 

10 

15 

11 

34*2 

18*6 

10 

54 

11 

33*0 

18*7 

11 

36 

11 

34*5 

18*7 

0 

40 

11 

34-2 

18-7 

1 

38 

11 

34*5 

18*7 

2 

38 

11 

33*9 

18*8 

2 

58 

11 

34*8 

18*9 

(Geocentric commencement of the eclipse 

at 3 h. 6 1 

A. 

m. 

m. 

a. 


3 

30 

11 

35*1 

19*1 

3 

55 

11 

32*7 

19*1 

4 

16 

11 

33*0 

19*0 

5 

6 

11 

33*3 

19*2 

5 

22 

11 

33*0 

19*1 

5 

30 

11 

33*0 

20*0 

5 

59 

11 

35*4 

19*6 

6 

32 

11 

33*0 

19*4 


End of the eclijise at 7 h. 12 m. 

A. 

7 

?n. 

22 

11 

330 

19*0 

7 

58 

11 

33*3 

19*0 

18th of June, 

1852, Paris mean time : - 7 - 


A. 

m. 

m. 

s. 


9 

29 

11 

35-5 

18*2 

10 

48 

11 

34'8 

18*5 

0 

13 

11 

33-6 

18*8 

1 

32 

11 

33-6 

18*9 

3 

11 

11 

33-9 

19*2 

3 

21 

11 

33-9 

19*2 

6 

43 

11 

33-6 

19*0 


The above figures, taken in combination, show that the hori- 
zontal needle at Paris did not indicate any sudden and sensible 
change of magnetic force, either at the commencement of the 
eclipse, at its termination, or during its continuance. I may 
add that the inclination needle was most carefully watched 
without any irregularity being discovered in its indications. 
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For the sake of brevity these observations arc not given. 
Those which have been rej)ortcd above sufficiently show that 
the facts are opposed to M. Lion’s conjecture, at least for 
the invisible eclipse of the 17th of June, 1852. Perhaps, as 
reporter, I ought to have communicated these results to the 
other members immediately ; but the great reluctance I felt to 
give pain to a young man of apparently very extensive infor- 
mation led to a delay, during which I received from the author 
of the memoir a letter from which it seemed that observations 
made at Beaune had agreed no better with the theoretical cx- 
jicctations which he had announced than those made at Paris 
had done. Fearing, no doubt, that the publication of the latter 
would do him some injury in the minds of persons belonging to 
the small town in which he resides, M. Lion wished that the 
negative result to which our observations had led might not be 
published. So far as I was concerned I thought this wish 
might, without impropriety, be complied with ; although I did 
not consider that, in such complicated researches, an error 
honestly fallen into by a person living at a distance from any 
of the great centres of scientific research, ought to tell against , 
him in the mind of any person. 

Now, however, when the supposed fact at first announced by 
;M. Lion is cited in certain publications as being in conformity 
with observation, it would be wrong to remain longer silent, 
for science has also its claims. 

It woidd seem to follow from a recent, letter which lias been 
communicated to me, that M. Lion persists, to a certain degree, 
in his former ideas, thinking only that some ecli])scs, or ecliptic 
conjunctions, may be accompanied by a change in the magnetic 
force, and others not. 

Future observations will enlighten us on this point. 


CHAP. XXL 

VAUIATION OF THE INCLINATION AND OF THE INTENSITY OP THE 
MAGNETIC FORCE FROM ONE PLACE TO ANOTHER. 

[In this chapter (which was obviously written between twenty 
and thirty years ago) M. Arago has republished a table of the 
relative values of the magnetic force in different parts of the 
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globe, 'which was drawn up by M. Ilansteen, and had appeared 
in Poggendorf’s Aimalen” and Brewster’s Edinburgh Jour- 
nal” for 1826, It has been considered, therefore, unnecessary 
to .reprint it here, more especially as more recent and much 
more extensive tables may be referred to by the English reader 
in a report, drawn up at the request of the British Association, 
On the Variations of the Magnetic Force observed at different 
Points of the Earth’s Surface,” and printed in the volume of the 
Transactions of the British Association at the Liverpool meeting 
in 1837.]— Ed. 


CHAP. XXII. 

DIURNAL VARIATION OF THE MAGNETIC INCLINATION. 

Recent treatises on physics still say that the existence of such 
variations is uncertain. I think that when their authors see 
the figures extracted from my registers of observation they will 
^regard the phenomenon as completely established, I com- 
municated the discovery of the fact to the Bureau dcs Longi- 
tudes, at its meeting on the 23rd of May, 1827. Since then 
the subject has been examined in different observatories. I am 
indebted to one of the most competent physicists in these sorts 
of researches, M. Bravais, for a notice of investigations which 
have been made since my own observations. 

The instrument which M. Kupffer caused to be constructed 
by Gainbey for the purpose of observing the diurnal variation 
of the inclination, was set up at St. Petersburgh on the 19th 
of August, 1830. 

From the observations made with this instrument, the needle 
of which has its axles cut into knife edges, it would follow that 
the greatest, or maximum, inclination takes place at ten in the 
morning, and the least, or minimum, at ten in the evening. 
The extent of the variation was generally four or five minutes 
of arc ; sometimes, though rarely, seven or eight minutes. 

* [The pcarticular treatises referred to by M. Arago are not indicated by 
him ; but it is most certain that the progress which has been made in mag- 
netical knowlerige, more particularly in the last fifteen or twenty years, 
requires special attention on the part of authors who profess to convey sys- 
tematic, information on this branch of science in treatises on physics.] — 
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In the new system of magnetic observations, concerted at 
Gottingen in 1839, there is no instrument for observing the 
diurnal variation of the inclination. Colonel Sabine, on the 
occasion of the observations made at Toronto, in Canada, 
says that by the employment of Gauss’s and Lloyd’s magne- 
tometers observed simultaneously, the horary variations (for 
every hour of the twenty-four) of both the horizontal and the 
vertical components of the magnetic force are followed, from 
whence the different inclinations, and consequently the diurnal 
variation of the inclination, are deduced by calculation. 

The observations made at Toronto during the years 1840, 
1841, and 1842, gave the following diurnal variation: — 

Maximum inclination at lOh. a. m. 

Minimum inclination at 4h. p. m. 

Extent or amplitude of the variation l'*21. 

At Van Diemen Island, during the years 1842 — 1848, the 
diurnal variation of inclination deduced by calculation from 
the diurnal variation of the horizontal and vertical forces 
gave : — 

A maximum of south inclination at llh. 30m. a.m. 

A minimum „ „ at 6 a.m.*" 

The mean results of ten years of direct observation (January, 
1841, to December, 1850)t give for the {south) inclination of 
each month : — 


January 


Degrees, 

- 70 - 

• 

Minutes. 

- 36*85 

February 

- 

- 70 - 

- 

- 36-87 

March 

- 

- 70 - 

maximum 

- 37-34 

April 

- 

- 70 - 

- 

- 3664 

May - 

- 

- 70 - 

- 

- 36*47 

June - 

- 

- 70 - 

- 

- 34*49 

July - 

- 

- 70 - 

- 

- 35*59 


[Bj some accident the secondary maxima and minima of the diurnal 
variation of the inclination at Toronto and Van Diemen Island have been 
omitted in the original French. In the volumes quoted from they are stated 
as follows : — 


r A secondary maximum of north dip at 10 p.m. 

Aoron t A secondary minimum „ „ G a.m. 

T 1 1 f A. secondary minimum of south dip at 5 p.m. 

Van Diemen Island | ^ secondary maximum „ about 10 r.M.] 


—Ed. 


t [The editor has substituted the results of ten years of direct observation 
of the inclination at Van Diemen Island, from the 2nd vol. of the observa- 
tions of that observatory, for the results of seven years which M. Bravais 
had taken from vol. i. (not having then received vol. ii.). The results for 
the longer period of observation, although differing very slightly, are, of 
course, to be preferred.] — E d. 
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August 


Degrees, 

- 70 . 

minimum 

Minutes, 
- 33*91 

September - 

- 

- 70 - 

• 

- 35-43 

October 

• 

. 70 • 

. 

- 35-59 

November 

• 

. 70 - 

• 

- 36*45 

December 

- 

. 70 . 

• 

- 36-49 


There is here, as wc perceive, a maximum in March and a 
minimum in August, with a difference of 3''43. 

At Milan, Mr. Kreil observed the variations of the inclina- 
tion by means of a needle furnished with a small mirror parallel 
at once to the magnetic axis and to the axis of rotation of the 
needle, and reflecting the divisions of a scale parallel to the 
magnetic axis. 

The apparatus is described in the first supplement to the 
Milan “ Ephemerides,” p. 181. 

During the years 1837 and 1838 he observed at the follow- 
ing hours : — 


8 A.M. 
10^ A.M, 
1 P.M. 


4} P.M. 
7| P.M. 
1 1 P.M. 


He found a very small diurnal variation, viz. — 


8 am. 

- 

- 


63® 

51' 

11" 

10^ a m. 

- 

- 


63 

51 

25 

1 P.M. 

- 

- 


63 

51 

14 

4J P.M. 

* 

- 


63 

51 

18 

7J P.M. 

- 

- 


63 

51 

8 

1 1 P.M. 

- 

- 

- 

63 

51 

4 


The magnetic observations made in the Expedition du 
Nord”by M. Bravais and his fellow observers, include measures 
of the variations of the vertical and horizontal components of 
the magnetic force. The diurnal variations of the horizontal 
force during magnetically calm days gave : — 

A principal maximum at 6 p.m. 

A principal minimum at 1 a.m. 

A secondary maximum at 7 a.m. 

A secondary minimum at 1 1 a.m. 

On disturbed days the morning maximum and minimum dis- 
appear ; on such occasions the principal maximum occurs earlier 
(about half-past four), and the secondary minimum about mid- 
night, according to M. Bravais. This physicist has shown that 
in our own and adjacent countries the secondary maximum 
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should occur at six in the morning, and the secondary minimum 
at noon ; and he has cited, in support of this, the observations 
made by M. Lament at Munich (1842, 1843). 

The diurnal variation of the vertical force could not be de- 
termined for calm days : the calmest period is from 7 A. M. to 
3 p. M. On disturbed days the disturbances are sometimes 
positive and sometimes negative from 4 P. M. to midnight, and 
from midnight to 8 A. M. they are almost always negative ; and 
negative perturbations also preponderate during the rest of the 
day. The maximum occurs about 2 p.m. and the minimum 
about 2 A. M. 

From these two elements, — viz., variations of the horizontal, 
and variations of the vertical force, — the diurnal variations of 
the inclination may be deduced by calculation, and this is what 
is generally done in the present day. 

My observations, on the contrary, were made directly with 
the instrument, of which the principle was indicated in p. 363. 

[M. Arago’s observations of the diurnal variation of the in- 
clination are contained in the register books of the diurnal 
variations of the declination. 

In general M. Arago used to concentrate his observations in 
two parts of the day — i.e, between eight and nine in the morn- 
ing and between six and seven in the evening. But he some- 
times made as many as a hundred and fifty observations in a 
single day, and, from a general view of his researches, the in- 
clination would appear to have each day — 

1. A maximum between eight and nine In the morning. 

2. A minimum from two to three in the afternoon. 

3. A second maximum between eight and nine in the 
evening. 

4. A minimum between eleven in the eveninf? and niidnio-Iit. 

The above occur earlier or 'later, according to the season and 

the temperature. 

M. Arago’s observations of the variations of the inclination 
arc very numerous ; they amount to more than twenty thousand, 
but they were not made with as much regularity as those of the 
declination. M. Fedor Thoman has been able to calculate com- 
pletely the four series which correspond to the years 1827, 
1828, 1829, and 1830, so as to secure their representing exactly 
the phenomenon looked for. 
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1827. 


Mean 


Months. 


Means of 
the Maxima. 

Means of 
the Minima. 

Monthly 

Means. 

Amount 
of Diurnal 
Variation 

January 


68 ° 

30'-72 

68 ® 30'-23 

68 ® 80 '- 4 r 

0'*49 

February 


68 

30 -32 

68 

28 *66 

68 

29 *49 

1*66 

March - 


68 

30 *40 

68 

30 *00 

68 

30 *20 

0*40 

April - 


68 

35 -17 

68 

32 *60 

68 

33 *89 

2*57 

May - 


68 

36 *89 

68 

35*11 

68 

36 *00 

1 *78 

June - 


68 

36 *21 

68 

35 *05 

68 

35 *63 

1 *16 

July - 


68 

39 *79 

68 

37 *44 

68 

38 *61 

2*35 

August 


68 

65 *25 

68 

52 -74 

68 

53 *99 

2*51 

September 


68 

47 *05 

68 

42 *63 

68 

44 *84 

4*42 

October 


68 

34 *68 

68 

33 *36 

68 

34 *02 

1*32 

November 


68 

32 *52 

68 

31 *20 

68 

31 *86 

1 *32 

December 


68 

30 -50 

68 

29 *90 

68 

30 *20 

0*60 

Means - 

• 

68 

36 *62 

68 

34 *91 

68 

35 *77 

1 *71 


The lowest minimum occurs in February, and the highest 
maximum in August. The greatest amounts of diurnal varia- 
tion were in April and September, and the smallest occurred 
in March. 


1828. 


Months. 

January 


Means of 
Maxima. 

68 ® 24'-19 

Means of 
Minima. 

68 ° 23'*65 

Monthly 

Means. 

68 ® 23'-92 

Mean 

Amount of 
Diurnal 
Variation. 

0'54 

February 

- 

68 

25 10 

68 

24 *80 

68 

24 *95 

0*30 

March 


68 

23-19 

68 

20 *50 

68 

21 *84 

2*69 

April - 


68 

24-31 

68 

20 *20 

68 

22 *25 

4*11 

May - 


68 

24 -67 

68 

23 *39 

68 

24 *03 

1 *28 

June - 


68 

27 -18 

68 

25 *37 

68 

26 *27 

1 *81 

July - 


69 

9-20 

69 

5*86 

69 

7*53 

3*34 

August 


69 

7 02 

69 

4*70 

69 

5*86 

2*32 

September . 


69 

2-40 

69 

. 0*10 

69 

1 *25 

2*30 

October 


68 

44-21 

68 

40 *41 

68 

42 *31 

3*80 

November 


68 

25-90 

68 

24 *40 

68 

25*15 

1*50 

December 


68 

19-65 

68 

18*80 

68 

19*22 

0*85 

Means •> 


68 

36 *38 

68 

34 *35 

68 

35*36 

2*03 


The lowest minim um occurred in March, and the highest 
maximum in July. The greatest amount of diurnal variation 
occurred in April and October, and the smallest in February. 

c c 
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Months. 

January 


Means of 
Maxima. 

68® 20'-15 

1 

68‘ 

[Vfeans of 
Minima. 

’ 18'-70 

Monthly 

Means. 

68® 19'-42 

Mean 
Amount 
of Diurnal 
Vari-ation. 

l'*45 

February 
March - 


68 

19*47 

68 

» 

16-70 

68 

»» 

18*08 

2*77 

April - 


68 

20 *03 

68 

17-35 

68 

18*69 

2 -68 

May 

June - 
July - 


68 

i> 

)> 

34*18 

68 

’30 -23 

68 

32 *20 

»» 

3 95 

August 


68 

24 *40 

68 

21 -02 

68 

22 *71 

3*38 

September 

October 


68 

29 *77 

68 

27-04 

68 

28 *40 

2*73 

November 


68 

28 *53 

68 

25 -71 

68 

27 *12 

2 *82 

December 


68 

27 *08 

68 

25 -35 

68 

26 *22 

1 *73 

Means - 

• 

68 

25 *45 

68 

22 *76 

68 

24 *10 

2*69 


Although four months’ observations arc wanting, we see that 
in 1829 there was a maximum in July and a minimum about 
March, — an inference analogous to that deduced from the ob- 
servations of the preceding years. 

It was particularly during the year 1830 that M. Arago 
studied the movements of the inclination needle with minute 
attention. The results present a regular series of more than 
three thousand observations, which furnish a very exact table 
of the march of the diurnal variation of the inclination, and of 
the absolute monthly values of that important element of ter- 
restrial majrnetism. 


Months. 

January 


Mpans of 
Maxima. 

68° 26'-10 

Means of 
Minima. 

68^ 24''2i 

68' 

Monthly 

Means. 

25'-ie 

Mean 
Amount of 
Diurnui 
Variation. 

l'*89 

February 

- 

68 

25 *87 

68 

24 *74 

68 

25 -30 

1 *13 

March - 


68 

29 *51 

68 

27 *69 

68 

28 -60 i 

1 *82 

April - 

- 

68 

35 *84 

68 

33 *04 

68 

34 -44 

2*80 

May 

. 

68 

38 *18 

68 

34 *42 

68 

36 -60 

3 *76 

June - 

. 

68 

40 *42 

68 

36 *64 

68 

38 -53 

3*78 

July - 

- 

68 

39 *03 

68 

36 *29 

68 

37-66 

2*74 

August 

- 

68 

44 *32 

68 

41 *90 

68 

43-11 

2*42 

September 

- 

68 

39 *77 

68 

37 *47 

68 

38 -62 

2*30 

October 

- 

68 

40 *76 

68 

38 *41 

68 

39-58 

2*35 

November 

• 

68 

37 *89 

68 

35 *55 

68 

36 -72 

2*34 

December 

- 

68 

36 *23 

68 

34 *50 

68 

35 -36 

1*73 

Means - 


68 

36*16 

68 

33 *74 

68 

34 -95 

2* 42 


The minimum of inclination was in February, and the maxi- 
mum in August. 
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We might, therefore, say that the minimum of inclination 
nearly coincides with the spring equinox, and the maximum 
with the summer solstice. 

We also see that the diurnal variations of the inclination do 
not, generally speaking, exceed 3' or 4', and that consequently 
differences of some tens of minutes, found by observations which 
may not have been made at the same hours and seasons, may 
yet be looked upon as indicating with sufficient approximation 
the general march followed by the inclination at a given place. 
Thus, we find for Paris, as concluded by M. Arago in the notes 
left by him : — 


Ye^. 

1798 


- 69^* 51''! 


Mean Yearly 
Decrease. 

1812 


- 68 42 J 

] * 

- 4'’93 

1828 

. 

- 68 35 

}\ 

- 0 -43 

- 7*16 
.3-99 

1850 

- 

- 67 9 

S\ 

1851 

- 

- 66 35 

s 


JFrom 1798 to 1851, or in fifty-three years, there has been a 
diminution of 3° 16', or on the mean, 3' 4 1"'9 a year.] 

Terrestrial magnetism often presents a marvellous harmony 
in its march at places very remote from each other, but some- 
times also anomalies are met with which show that there exist 
perturbing forces whose nature is unknown to us. We may 
follow the indications resulting from the varying play of the 
magnetic forces by the use of instruments of extreme precision 
which our skilful artists have succeeded in constructing, but 
under condition of very frequent and very exact observations 
being executed in a great number of observatories, at times 
agreed on beforehand and at very short intervals. My illus- 
trious friend, Alexander von Humboldt, has sought to associate 
many friends of science in the promotion and prosecution of 
this common work, and Gauss has seconded him in efforts 
which deserve to be crowned by success. It is necessary that 
instruments to be employed in the determination of the mag- 
netic force should be strictly comparable with each other, and 
that great care should be taken in examining whether any and 
what changes take place in the magnetism of the needles which 
are employed. 

[It is evident from the tenor of this paragraph that this part of the 
“ Essay” remains as written previous to the realisation of this view in the 
systematic researches which have been so extensively carried out in so many 
countries in the last fifteen years.] — E b. 

c c 2 
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CHAPTER I. 

DEFINITION OP THE AURORA BOREALIS. 

To popular apprehension the highest or ultimate object of 
meteorology is to enable us to foretel the weather. Looked 
upon in this point of view, science can as yet only offer abortive 
attempts, or such as hold out no promise for the future. In 
other respects, on the contrary, her advances have been assured, 
rapid, and brilliant. To justify this assertion it might be suffi- 
cient to say that at the present time the simple observation of 
a magnetised needle freely suspended, indicates that there is 
taking place in distant regions a j)henomenon as worthy of the 
attention of the most learned physicist, as of the admiration of 
the most uninstructed spectator. 

At the commencement of the 17 th century, Gavssendi gave 
the name of aurora borealis to a phenomenon which in our 
climates usually makes its appearance in the northern quarter, 
manifesting itself at first near the horizon by a faintly shining 
light analogous to twilight. 

The aurora borealis is not like the rainbow, nor like halos, 
coronas, parhelia, &c., a simple phenomenon of light ; it appears 
to be connected with the magnetic forces of the earth. These 
forces being variable, as to position at least, it is reasonable to 
ask whether the aurora borealis has always existed ; whether 
in all preceding centuries it has appeared with the same forms, 
the same brightness, the same colours, in the same regions of 
space, &c. &c. We will proceed to consider the phenomenon 
successively under its different aspects. 


c c 3 
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CHAP. IL 

AURORA BOREALIS OR NORTHERN LIGHTS WERE KNOWN TO THE 

ANCIENTS. 

Pliny is evidently referring to displays of aurora borealis 
when he speaks as follows of extraordinary luminous appear- 
ances dispelling the obscurity of night. He writes : — Under 
the consulate of C. Csecilius and Cn. Papirius (in the year of 
Rome, 641), and also at some other times, a light was seen to 
overspread the heavens in the night time, so that a kind of day- 
light replaced the darkness. 

Under the consulate of L. Valerius and C. Marius (year 
of Rome, 654), at the time of sunset, a burning shield, from 
which sparks shot forth, was seen to traverse the heavens from 
west to east.” (Pliny, lib. 2. chap, xxxiii. and xxxiv.) 

According to a very learned investigation, due to M. Edouard 
Biot, the first positive notice of an aurora borealis in the 
Chinese records, goes back to the year 208 before the Christian 
era. {Comptes rcnclus de V Academic^ t. xix. p. 829.) 


CHAP. III. 

ON AURORAS OBSERVED IN THE NORTH. 

DisI»lays of aurora are scarcely anywhere so frequent and 
magnificent as in the regions where the laborious and zealous 
observers of the Iceland and Lapland expeditions wintered. 

It is a pleasure to remark the exemplary perseverance with 
which several of our young travellers studied this mysterious 
phenomenon, and the manner in which they availed themselves, 
in so doing, of the most refined methods of astronomical, geode-, 
sical, and physical observation. 

In the course of 206 days (from September, 1838, to April, 
1839), passed at Bossekop in Finmarkcn, in 70^ north latitude, 
there were observed 143 auroras, of which 64 took place 
during the ten-weeks’ night of those regions. I borrow with 
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some abridgment some general features from M. Lottin’s de- 
scription of the magnificent phenomenon which he enjoyed such 
frequent opportunities of witnessing. 

Between the hours of four and eight in the evening the light 
mist which almost habitually prevails towards the north, at about 
4° or 6° above the horizon, becomes coloured in its upper por- 
tion, or rather, fringed by the light of the aurora which exists 
behind. This fringe or border then becomes more regular, and 
forms an imperfectly defined arch, of a pale yellow colour, with 
diffused edges, and its extremities resting on the ground. 

Soon dark streaks manifest themselves at intervals in the 
luminous matter of the arch, which now rises slowly, its summit 
remaining nearly in the magnetic meridian. 

There are then formed beams, which lengthen and contract, 
either slowly or instantaneously, and as they shoot upwards 
their brightness is suddenly increased or lessened. They all 
appear to converge to a point in the heavens indicated by the 
direction of the dipping needle ; sometimes they quite reach 
this point, and, uniting there, form a portion of a vast cupola or 
canopy of light. 

The arch continues to rise towards the zenith, undergoing a 
waving movement as the brightness of each beam successively 
increases in intensity. 

Not unfrcquently the arch is merely a long band of auroral 
beams, waving and dividing itself into several parts; these 
form graceful curves, which then become nearly closed, and 
present what have been called coronoe borealcs,” whatever 
may be the part of the heavens which they occupy. 

The curves fbrm and unroll like the folds of a serpent; the 
beams arc coloured with various hues, the lower part is of a 
bright sanguine tint, the middle a pale emerald green, and the 
rest remains a pale yellow light. 

Fresh arches rise from the horizon ; as many as nine have 
been counted ; they then close one upon another and disappear 
towards the south. Sometimes the mass of beams which have 
already passed beyond the magnetic zenith, returning from the 
south, unites with beams coming from the north, and together 
produce the true coronal phenomenon : this is m6st often elliptic 
in its form, rarely circular. The corona may also be formed 
without any previous arch. 

Before reaching the southern horizon the coronas fade, and 

c c 4 



392 


METEOROLOGICAL ESSAYS. 


the arches become faint ; the beams form patches of pale light, 
which gradually become more indistinct until they are con- 
founded with the clouds. 


CHAP. IV. 

AUROKAS OBSERVED IN VARIOUS PLACES. 

On the 6th of March, 1715 — 1716, an aurora borealis was 
observed at Cambridge by Roger Cotes. 

The first streamers appeared in the north, but at a quarter 
after seven streamers shot upwards in all parts of the sky, from 
north to south. They unitedly formed a species of canopy; 
their point of reunion was 20° south of the zenith, the azimuth 
of the point being 10^ east of south; the canopy rose from 
about 10® or 15® above the north horizon,* in which direction it 
was most extensive ; on the south side it only went down to 
40® above the horizon. 

The prismatic colours were sometimes more vivid than those 
of the brightest rainbow, but they faded in the course of a 
second of time. 

The author attributes the phenomenon to parallel rays, which 
only appear to converge by an eflfect of j)erspective. 

Roger Cotes relates that he remarked a very sensible tremu- 
lousness in the upper extremities of the luminous rays or 
streamers of the aurora just described. The streamers were 
also sometimes crossed by a kind of undulations, rising in the 
north and imrallel to the horizon. 

On a previous occasion he had seen a great number of 
parallel streamers shooting from a luminous patch or cloud in 
the northern region; sometimes a portion of this cloud de- 
tached itself and moved in a direction parallel to the horizon ; 
and this portion carried with itself one or more of the bundles 
of rays of which we have been speaking, and crossed them 
successively, continuing, nevertheless, always parallel to them. 

To enable those who might desire to do so, to calculate more 
exactly the position of the aurora borealis of the 6th of March, 
1715 — 1716, Cotes remarked that at a quarter past seven the 
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summit of the canopy was nearly halfway between Castor and 
Pollux. {Philosophical Transactions ^ 1720, vol. xxxi. p. 66.) 

On the 30th of March, 1717, at Rochester, the Rev. Edmund 
Barrel! states that he observed an aurora which was not quite 
in the north, but a little towards the west. {Phih Trans* 
voL XXX. p. 584.) 

Martin Folkes observed the same aurora; he estimated the 
position of the culminating point of the luminous arch to have 
been 20® to the west of true north. Before the arch disappeared 
this deviation appeared to be less by several degrees. (PAz7. 
Trans* vol. xxx. pp. 196. and 588.) 

Halley observed an aurora in liondon on the 10th of No- 
vember, 1719. The point of concourse of the luminous rays 
was 14° south of the zenith, and very near the meridian. The 
points from which the rays darted were at altitudes of at least 
30° or 40° above the horizon ; there was no longer any light 
visible near the horizon, yet the sky was perfectly calm and 
clear. (P/«7. Trans, vol. xxx. p. 1099.) 

On the 15 th of February, 1730, Cramer observed an aurora 
at Geneva. The base of the luminous arch rested on a chord 
of about 145°; the middle of the arch was about 15° west of 
south (at half-past eight in the evening). The altitude of the 
highest point was fi'om 30° to 40°. 

There was seen at the same time, in the south, a luminous 
band, of which the height varied successively between 45° and 
54°, This band, in some respects not unlike a rainbow, but 
broader, varying in breadth between 14° and 20°, was termi- 
nated by two parallel arches at equal intervals from it. Its 
cuhninating point was 15° east of south; it was therefore dia- 
metrically opposite to the culminating point of the northern 
arch. The colour of the southern zone was scarlet. In this 
aurora, contrary to what is usually the case, the light of the 
stars over which the arclies passed was considerably dimmed. 
The weather was calm, clear, and cold. {Phil. Trans. 1730, 
vol. xxxvi. p. 279.) 

On the 9th of October, 1730, Mairan and Cassini, one being 
at Breuillepont, in Normandy, and the other in Picardy, saw 
an aurora of the ordinary kind, which a little later, at eight in 
the evening, began to break up nearly in the middle, and 
divided into two luminous ovals, inclined to the horizon, each 
from 15° to 18° long by 5° or 6° wide, the Pleiades being seen 
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between them. Both then became less bright, changed their 
shape, and soon disappeared. 

At the same time Kouch4 was observing at Poitiers, and very 
nearly in the same part of the heavens, an aurora whose forms 
did not appear capable of being reconciled with those described 
by Mairan and Cassini, after making allowance for parallax. 
At Poitiers there was seen first a semicircle, having, its diameter 
turned upwards ; the diameter was parallel to the horizon, and 
more than 20° long. This semicircle afterwards divided into 
two lesser ones, contiguous to each other, their diameters form- 
ing one straight line still parallel- to the horizon. These very 
regular figures did not last long ; the two smaller ones became 
joined into one large and almost complete circle, which lastly 
became a sort of segment of a circle, terminating in a trident, 
of which the prongs were very long and very wide apart.” 
{Academie des Sciences^ 1730, hist. p. 7.) 

Lastly, Maraldi, in his description of the same aurora, seen 
from Paris {Memoir es^ p. 574,), speaks only of two luminous 
columns, inclined to the horizon, from 16° to 18° long by 5° or 
6° broad. One began to diminish at twenty-five minutes after 
eight, while the other increased. 

Dr. Blane reported having observed an aurora borealis at 
Barbadoes, on the 10th of October, 1780, during a hurricane; 
it appeared in the north-east. {Academy of Edinhuryh, 1788, 
vol. i. p. 34.) 


CHAP. V. 

ON THE PETEKMINATION OF THE HEIGHT OF AURORAL ARCHES. 

In our climates, when an aurora is complete — when a part of 
its light describes a well-marked arch — the culminating point of 
this arch is in the magnetic meridian, and its two apparent 
points of intersection with the horizon are at equal angular 
distances from that meridian. 

When lunainous streamers shoot from the different parts of 
the arch, their point of intersection — that which some meteor- 
ologists have called the centre of the cupola — is in the magnetic 
meridian, and precisely in the prolongation of the dipping 
needle. 
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It is vely important to repeat this kind of observation in 
many places ; less for the sake of establishing a general con- 
nection between auroras and terrestrial magnetism^ which cannot 
now be doubted by any one, than for the sake of the light 
which it may throw on the intimate nature of the phenomenon, 
and on the geometrical methods by which the absolute height 
has sometimes been sought to be determined. 

These methods, being founded on combinations of parallax, 
presuppose that it is the same arch which is everywhere seen. 
I mean by the same arch the same material molecules brought 
by unknown causes to a luminous state I If I am not mistaken, 
this hypothesis, when examined with duly scrupulous caution, 
will give occasion to some serious doubts. 

The relation between the direction of the auroral arch and 
that of magnetism, only proves that the phenomenon is placed 
symmetrically in reference to the magnetic axis of the globe. 
The kind of displacement which the centre of the cupola under- 
goes with every change of position in the observer is not to be 
explained by parallax. This displacement is such that an ob- 
server proceeding from Paris towards the north magnetic pole 
sees the centre of the cupola (situated to the south of his zenith) 
rise more and more above the horizon ; an effect precisely oppo- 
site to what would be the case if the cupola were a radiant 
point, and not a simple effect of perspective. 

When it has once been established that in auroras one of the 
appearances is a pure illusion, it may be asked why it should 
be unhesitatingly assumed that the luminous arch seen at Paris 
is the same which is seen at Strasbourg, Munich, Vienna, &c. ? 
Will it not be perceived how great a step would have been 
made in the theory of these mysterious phenomena, if it were 
established that every observer sees his own aurora as every 
one sees his own rainbow? Would there not, moreover, be 
something gained by disencumbering our meteorological cata- 
logues of a multitude of determinations of height, which in such 
case would no longer have any real foundation, though due to 
such great names as Mairan, Halley, Krafft, Cavendish, and 
Dalton ? 

Before concluding a chapter in which there has been so much 
said respecting the absolute height of the matter amidst which 
the aurora is formed, I must not forget to remark that Captain 
Parry on one occasion thought he saw luminous streamers pro- 
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ceeding from an aurora projected on a mountain at but a small 
distance from his ship. This observation deserves to be con- 
firmed and repeated. 

The preceding lines, written to form part of the Instructions 
to be given by the Academy of Sciences, relatively to observa- 
tions in meteorology and the physique du glohcy for the scien- 
tific Expeditions du Nord, and for Algeria, gave rise to a 
reclamation of priority from M. Morlet, 13th of April, 1840. 
I replied in the following manner, in which I sec nothing to 
alter : — 

The surmise that each observer may see his own auroral 
arch or bow, as every one sees his own rainbow, was put for- 
ward more than twenty years ago in professorial lectures on 
the Physique du Globe, given by me at the Ecole Polytech- 
nique, and at the Observatory. If it were worth while, evidence 
of this might still be found in the notes taken by the pupils, in 
the proces verbaux of the Bureau des Longitudes, and even in 
j)rinted works older by at least ten years than the treatise 
referred to by M. Morlet. But I can hardly suppose that that 
gentleman would press the question, for I could, if needful, 
show him memoirs, more than a century old, in which positive 
proofs are given that the aurora borealis seen in one place may 
not be the same which is seen at the same time in another 
place. I would also prove to him that long before his time it 
had been seen that it was necessary to examine whether the 
auroral arch was truly circular or not. I may affirm that 
Messrs. Lottin, Bravais, and Martins did not need to learn from 
M. Morlet’s writings that the determination of the form of the 
arch could be perfectly well obtained by measuring the abscissue 
and ordinates. The little ground which there is for M. Morlet’s 
reclamations shall not prevent me, however, from saying that 
the calculations which he has entered into, in examining the 
circularity or non-circularity of auroral arches by means of old 
observations, are really interesting.” 

The details related in the preceding chapter of the different 
auroras observed in the last century, show sufficiently that in 
each place there are seen appearances of the same aurora, but 
modified by the difference of place. 
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CHAR Vl. 

ON THE SOUND ATTRIBUTED TO AURORAS. 

Are auroras accompanied by soxmd ? This is a question of 
fact, respecting which observers arc not in accord. We will 
first take the statements which favour the affirmative. 

Here are two passages from the Rev. Jeremy Belknap, taken 
from the second volume of the Transactions of the American 
Society,” p. 196 : — Two years ago,” (in 1781) ^^at Dover, in 
New Hampshire, U. S., while I was attentively examining the 
streamers from the luminous arch of an aurora borealis, which 
appeared on a calm night, during frost, I thought I heard a 
faint rustling noise, like the brushing of silk.” 

In March, 1783, the whole sky appeared on fire; luminous 
streamers seemed to rise from all points, and to converge to the 
zenith. There was no difference between the south and the 
north, save it may be that the vapours appeared to rise from 
points nearer the horizon in the north than in the south. The 
wind blew fitfully from the west, usually with intervals of two 
or three minutes between the gusts. In these intervals, I 
distinctly heard a rustling noise, easily distinguishable from 
the wind, and which, moreover, would have been quite over- 
come by that of one of the gusts.” 

The following passage is found in Cavallo’s Elements of 
Natural or Experimental Philosophy” (vol. iii. p. 445.): — 
Sometimes those coruscations,” (the coruscations of the aurora) 
when strong, are accompanied by a sort of distinct crackling 
noise. I remember having myself heard it on more than one 
occasion.” 

The auroras in Greenland are very brilliant ; the luminous 
columns of which they are formed sometimes overspread the 
whole horizon with colours as bright and as varied as those of 
the rainbow. These phenomena are rarely seen in the north 
horizon ; they most often appear in the east, or at the zenith. 
When the auroras appear low down, a crackling is heard, resem- 
bling that of the electric spark. The Greenlanders believe 
that at such time%the souls of the dead are fighting in the air,” 
{Edinh, EncyclopcBdia, vol. x. part ii. p. 488. year 1815.) 
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M. Ramm^ Royal Inspector of the Norwegian Forests, wrote, 
in 1825, to M. Hansteen, that in 1766, 1767, or 1768, he had 
heard the noise of an aurora borealis. M. Ramm, who was 
jonly about ten years old at the time, remarked this phenomenon 
while crossing a meadow near which there was no forest. , The 
ground was covered with snow and hoar frost.” (Observe in the 
Narratives of Captain Franklin, that the snow sometimes emits a 
crackling sound.) The sound, M. Ramm said, always coincided 
with the apparition of the bright streamers. But how could 
this be, since those streamers are incontestably at some consi- 
derable height in the atmosphere?” {Phih Mag. March, 1826, 
p. 177.) 

Wargentin relates, in the fifteenth volume of the Swedish 
Transactions,” that two of his pupils. Dr. Gisler and M. Hellant, 
who had resided long in the northern parts of the kingdom, 
made a report to the Academy of Stockholm, of which the 
principal passages are to the following effect: — 

The matter of which the northern lights consist sometimes 
comes down so low as to touch the ground. On the summits 
of high mountains, it affects the faces of travellers in a manner 
analogous to wind.” I have often,” adds Dr. Gisler, heard 
the sound of auroras. It is a noise much resembling that of a 
strong breeze, or the brushing sound produced by some chemical 
substances when in the act of decomposition. I often thought 
I perceived the cloud to have a smell of smoke, or of burnt 
salt.” The Norwegian peasants told the doctor that tlicrc 
sometimes rose from the ground a cold fog, of a greenish-white 
tint, rendering respiration difficult, and obscuring the sky, but 
not preventing the distant mountains from being seen ; and 
that this fog ends by giving rise to an aurora,” (Phil. Mag. 
March, 1826, p. 178.) 

I will next take the observations which make either for a 
doubtful or a negative answer to the question. 

Gmelin (the elder, the botanist) had said in his Travels in 
Siberia” (vol. ii. p. 31.), translated by Keralio, that auroras 
crackle like flame ; but it was not he himself who had heard 
the noise ; he states it only from what he had learnt from the 
inhabitants of Yenisseisk, in Siberia.” According to them, the 
hunters who go after foxes assert that the auroras make a noise 
like that of fireworks, such as to make theiridogs crouch down 
with terror, and refuse to move until the sound has ceased.” 
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Patrin doubts the. authenticity of this account, and remarks 
that it is not customary in Siberia to hunt foxes with dogs 
(especially at night) ; they are caught by setting traps for them. 
Patrin adds, that Pallas; who had travelled six years in Siberia, 
spoke of this passage of Gmelin’s jestingly. 

During nine winters passed in different parts of Siberia, 
Patrin saw many very fine auroras, but never heard any sound 
from them. He adds, that neither the Bishop Egede, who had 
lived fifteen years in Greenland and gave an account of its 
natural history and meteorology, nor the Pastor Horrebow, who 
has described a hundred and sixteen auroras observed by him 
in Iceland, ever make the slightest mention of these noises and 
cracklings.” {Bihliotheque Britannique^ t. xlv. p. 89. et seq.^ 

It is scarcely possible to observe the sudden apparitions and 
great movements of the masses of light of which auroras con- 
sist without fancying that they produce .a rushing sound ; but 
I am confident that the idea is erroneous, and that there is no 
actual noise attending the phenomenon. I frequently stood for 
hours together on the ice, to ascertain this fact, at a distance 
from any noise but my own breathing, and thus I formed my 
opinion.” (Captain Lyon’s Private Journal^ p. 100.) 

Captain Franklin informs us, that at Cumberland House (in 
64® north latitude), during frost, and in calm weather, auroras 
were seen almost every evening; but that not the slightest 
noise was ever heard, even when the phenomenon was most 
vivid. The residents at the Factory asserted, on the contrary, 
that the aurora was often accompanied by a rustling sound. 
But it is so natural to associate the idea of noise with that of 
rapid movement, that many observers may have yielded to the 
illusion. 

Mr. Winn presented to the Koyal Society, in 1772, a 
memoir, in which he proposed to prove that the appearance of 
an aurora borealis is a certain prognosticator of a tempest from 
the south or south-east. 
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CHAP. VII. 

HOURS OF THip AURORAS. 

Captain Lyon, in his Brief Narrative,” p. 167, says, that 
auroras are rarely seen before nine in the evening, and that 
their maximum intensity is usually about ten. 

We shall see further on, that such indications must not be 
construed strictly. 


CHAP. VIIL 

CAUSES OP AURORAS. 

The idea of an intimate connection between magnetism and 
auroras goes back to the last century. A member of our 
Academy of Sciences, Du Fay, expressed himself in the fol- 
lowing terms, in a treatise entitled Memoirc sur FAimant,” 
dated 15th of April, 1730, and published in 1732 in the volume 
of the Memoires de FAcademie” for 1730 (pp. 147, 148.): — 

Mr. Halley, and since him some other physicists, have said 
that magnetic matter might have' some share in the northern 
lights. 

It may also be added, that, according to the most exact 
observations, the centre in which the rays of the aurora ter- 
minate, almost always declines to the west of north by 14® or 
15®, which is about the present amount of the declination of 
the magnetic needle. If this centre of the rays of the aurora 
borealis should be found in future to follow the variations of 
the magnetic needle, this might lead us to something more posi- 
tive respecting the cause of auroras.” 

By the centre in which the rays terminate, Du Fay no doubt 
means the centre of the luminous arch, or the centre of the 
cupola. 

This idea did not meet with an immediate reception; for 
Garnett remarked that the central point in the aurora borealis 
is about 10® to the south of the zenith. He imagined, in con- 
sequence, that this want of coincidence of the two points does 
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not take place at the; equator, and that it increases in approach-* 
ing the pole. Garnett was not, therefore, aware in 1791 of 
the connection which exists between the centre of the aurora, 
and the point towards which the dipping needle is directed. 
{Manchester Memoirs^ vol. iv. p. 255.) 

It was thought that the accidental inflammation of the 
hydrogen gas supposed to exist in the upper regions of the 
atmosphere, might furnish a plausible explanation of the aurora 
borealis. 

In this hypothesis the magnetic properties of the phenomena 
depended on the iron witli which the gas wa^ supposed to be 
impregnated. (Usher, Irish Transactions^ vol. ii. p. 1^0.) 

Du Fay, in the memoir which has been cited above, adopts 
the opinion that the inflammable substances in the upper 
regions of the atmosphere are of themselves sufficient for the 
cx^planation of auroras. He supposes inflammable substances, 
dispersed in, the atmosphere, some of them perhaps already in 
a state of inflammation, to be brought by their particular 
degree of density or weight to that particular distance from the 
earth at which the magnetic matter is circulating in the greatest 
abundance ; there this torrent, which is rolling towards the 
north, collects these scattered exhalations from the whole atmo- 
sphere, and draws them towards the pole ; those which arc 
already inflamed kindle others, or they arc ignited by collision 
only, and the current disposes them in the form of rays such as 
wc see them.” 

The following remarks and views are more plausible. Any 
theory which does not rest on facts already assured is entirely 
without scientific value. 

Usher remarked {Irish Transactions^ vol. xi. p. 191.), that 
the period of about forty years, pointed out by Mairan, during 
which there were very few auroras, corresponds by its middle 
date, 1661, with the time when the declination of the magnetic 
needle was zero in England and in France. 

In 1788 Usher deduced the connection of the aurora with 
terrestrial magnetism from the position of the cupola, and still 
more from that of the arch. The highest point of the arch,” 
said he, is always in the magnetic meridian.” 

For my part, I published in December, 1817 {Annales de 
Chimie et de Physique^ 2eme serie, t. vi. p. 443.), the following 
note ; — ‘‘ On the 6th of Fcbrimry, towards 6 P. M., a very fine 
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aurora borealis was seen at Paris. We assured ourselves, by 
direct observation, that the culminating point of the luminous 
arch was situated exactly in the magnetic meridian.” 

In the January Number of the Annales de Chimie et de 
Physique,” 1819, t. x. p. 119., I added the following details : — 

The Petersburg academicians have several times announced 
that in that city the magnetic declination does not vary cither 
from morning to evening, or from one day to the next, or even 
from one year to another. Notwithstanding the confidence 
inspired by such names as those of Euler, Krafft, &c., so extra- 
ordinary an anq^ialy ought not to be admitted until it shall 
have been assured by numerous observations made with very 
exact instruments. 

Auroras ought to be placed in the first rank among the 
causes which sometimes disturb the regular march of the 
diurnal variations. These do not, even in summer, exceed 
fifteen or twenty minutes, but when an aurora .appears, the 
magnetic needle is often seen to move in a few instants several 
degrees from the magnetic meridian. How can an influence 
so well marked be reconciled to observations from whence it 
would seem to follow, that the same aurora which makes one 
needle move suddenly from east to west leaves a neighbouring 
needle unmoved, or imparts to it a contrary movement ? 

During an aurora one often sees in, the northern region 
luminous streamers of different colours shoot from all parts of the 
horizon. The point in the sky to which these streamers con- 
verge is precisely the point towards which a magnetised needle 
suspended by its centre of gravity directs itself ; so that at Paris, 
where the inclination or dip of the needle is at the present time 
68** 40', this point is 21° 20' south of the zenith. It has, more- 
over, been shown that the concentric circular segments, almost 
similar in form to the rainbow, which are usually seen previous 
to the luminous streamers of which we have been speaking, 
have their two extremities resting on two parts of the horizon 
equidistant from the magnetic meridian, and the culminating 
points of each arch are exactly in that meridian. From all this 
it appears incontestably that there is an intimate connection 
between the causes of auroras and those of terrestrial mag- 
netism. However, it will only be by the help of numerous 
observations, made simultaneously at different i)arts of tlio 
earth with delicately suspended needles, that it will be possible 
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to attempt to discover how the first^ of these phenomena modi- 
fies the second. 

Hitherto we have not a sufficient number of observations 
of variations, both because the instruments are costly, and 
because the observation of the diurnal variation requires a 
very inconvenient constancy of attention. Field-marshal the 
Duke of Eagusa, who deems scientific pursuits no unworthy 
occupation of his leisure, has happily so far made this subject 
his care as to have had an excellent declinometer, made by 
Gambey, placed a few months ago at Chdtillon stir Seine in 
Burgundy, and to have provided that in his absence the obser- 
vations should be made by an intelligent and well-instructed 
young man, who is also charged with the superintendence of 
some of the fine agricultural establislirnentS^ which are now 
admired in the neighbourhood of the Chateau of Chfitillon. 
These observations are regularly communicated to us, and will 
be usefully compared with those which we make at Paris. 

The march of the magnetic needle on the morning of the 
31st of October, 1818, offered notliing remarkable, but at noon 
the declination began to increase more than usual ; at 1 P. M. it 
exceeded its amount on previous days by about 12', and at half- 
past 5 the excess was still as much as 7'. After this tlie needle 
retrograded abruptly towards the east, and at 8 o’clock the 
declination was nearly 9' less than the mean of all the observa- 
tions at that hour during the rest of the month. Thus the 
accidental displacements of the needle on the 31st of October 
were more considerable than its whole regular diurnal oscilla- 
tion, which in this month is scarcely more than 10'. 

On the same day at Chatillon sur Seine, in the Chateau of 
the Duke of Ragusa, the needle experienced between 8 a. m. 
and 6 r. M. irregular movements perfectly similar to those at 
Paris. 

Lastly,. I find in the observations of Colonel Bcaufoy, 
made at Busliey Heath (1' 2" of time west of Greenwich, and in 
5V 38' latitude), that the declination of the needle on tbe 
morning of the 31st of October did not differ sensibly from 
what it had been on preceding days ; but at 1 o’clock it was 
greater than usual by 11'.* Observations in the evening arc 
wanting. 

If in connection with these facts we bring into notice a 
letter dated Bishopwoarmouth, Sunderland, which lias just been 
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inserted in Dr. Thomson’s Journal, and in which Mr. Renney 
announces having seen an aurora borealis on the 31st of 
October, 1818, between 7 and 8 in the evening, it will not be 
doubted that this phenomenon, which was not seen at Paris by 
reason of clouds, determined the irregular oscillations of the 
needle observed at Bushey Heath, at the Royal Observatory at 
Paris, and at Chatillon. It will also be evident that the aurora 
acts before it is seen on the horizon, and that its influence is 
exercised simultaneously at considerable distances,” 


CHAP. IX. 

ON AURORAS APPEARINa IN DAYLIGHT. 

Well authenticated appearances of auroras during daylight 
are too few for me to omit the description given of such a phe- 
nomenon in the 5th volume of the Royal Society of Edinburgh. 
Tlie observation is made by the Reverend Patrick Graham, 
and was made at Aberfoylc, in Perthshire. 

On the 10th of February, 1799, near half-past three in the 
afternoon, the sun being then a full hour above the horizon, 
and showing faintly through a leaden coloured atmosphere, 1 
was intently observing a halo surrounding the sun. Whilst I 
was attending to this appearance, the whole visible hemisphere 
of the heavens became covered with a light palish vapour, as I 
at first imagined it to be. It was disposed in longitudinal 
streaks, extending from the west, by the zenith, and all along 
the sky towards the east. On examining this appearance more 
narrowly, I found it to be a true aurora borealis, with all the 
characters which distinguish that meteor when seen by night, 
excepting that it was now entirely pale and colourless. The 
stream of electric matter issued very perceptibly from a cloud 
in the west ; thence diffiising themselves, the rays converged 
towards the zenith, and diverged again towards every quarter 
of the horizon; and the coruscations Avere as instantaneous 
and as distinctly perceptible as they are by night. 

This appearance continued for more than twenty minutes, 
when it gradually vanished, giving place to thin scattered 
vapours, which, towards sunset, began to overspread the sky. 
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Through the ensuing night I could not discern the smallest 
trace of aurora borealis.” 

The detailed catalogues of auroras published by Mairan in 
the last edition of his Traite^ does not contain any observation 
made in the daytime. That learned academician says, Great 
auroras usually begin early, a short time after the end of the 
twilight, and sometimes before.” He adds, in another place, 

So far as I am aware, the phenomenon never begins in the 
morning, after midnight, when the nights are pretty long.” 

In looking over the 2nd volume of the Memoirs of the 
Irish Academy,” I have found an observation by Dr. Henry 
Usher, .Fellow of the Royal Societies of London and Dublin, 
which is so far from falling within the limits indicated by 
Mairan that it was made in the daytime, and quite near the 
hour of noon. 

On Saturday night. May 24th, 1788, there was a very bright 
aurora borealis, the coruscating rays of which united, as usual, 
in the pole of the dipping-needle. I have always observed that 
an aurora borealis renders the stars remarkably unsteady in the 
telescope. The next morning, about eleven, finding the stars 
flutter much, I examined the state of the sky, and saw whitish 
rays ascending from every part of the horizon, all tending to 
the pole of the dipping-needle, where, at their union, they 
formed a small thin and white canopy, similar to the luminous 
one exhibited by an aurora in the night. These rays corus- 
cated or shivered frOm the horizon to their point of union. 

These effects were distinctly seen by three different people, 
and their point of union marked separately by each of them.” 
{Tramactions of the Irish Academy^ vol. ii. p. 189.) 

The influence exercised on the magnetic needle by auroras 
seemed to me to offer a means of deciding whether the phe- 
nomenon above described was really and truly an aurora bore- 
alis, seen in daylight. I therefore took, from the archives of 
the Bureau des Longitudes the observations of the diurnal 
variation made at the Observatory, under the direction of 
Cassini. I ITave deduced from them the following results : — 

Mean State of the Needle betxoeen the \Sth and ^Oth of Marchy 
1788. 


8h. a.m. 

lOh. a.m. 

Noon. 

2h. p.m. 

5h. p.m. 

9h. A, 

CO 

39' 

42 

42" 

37' 

35' 

On the 24th „ 

46 

37 

»» 

38 

36 

On the 25 th 44 

37 

44 
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39 

36 

45 
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Ordinarily^ the observations, made in the same fortnight; at 
any one hour, only present discordances of about 2' or 3'. The 
observations of the 25tli differ sufficiently from the mean, both 
in their march and in their values, to give reason to suppose 
that there was on that day a disturbing force. 

The magnetic phenomena support, therefore. Dr. Usher’s 
conclusion. 

I have given the observations of the 24th, for the sake of 
showing that. the aurora which appeared at night on that day 
had already begun to act from tlie morning. The observation 
at eight o’clock is wanting, on account of the great oscillations 
which the needle was making at that part of the day. 

The day aurora is described in Usher’s note with great 
clearness. The author is, moreover, known by several other 
interesting Memoirs, of which I take pleasure in recognising 
the merits. I might, therefore, be asked, why I should have 
thought it necessary to seek for indirect proofs that so practised 
an observer was not mistaken, and that the phenomenon seen 
by him on the morning of the 25th of May, 1788, really was, 
as he announced it to be, an aurora borealis ? I would reply 
that, as all meteorologists have remarked, it often happens that 
bands of very light clouds, in the upper regions of *the atmo- 
sphere, are disposed in sucli manner as to appear to converge to 
a single point ; presenting, therefore, an arrangement similar to 
that of the rays or beams described by Usher. It is true that 
in this particular case the point of convergence coincided with 
the pole of the dipping-needle. I will frankly confess that, if 
this circumstance did not entirely convince me, without further 
evidence, it is only because the same author had said, in a 
IVIeinoir on Halos, that the major axis of eHii)tical lialos is also 
always in a direction parallel to the magnetic needle; — a result 
which appears to me to be neither true nor probable. 


CHAP. X. 

ox MAGNETIC INFLUENCES EXERCISEO ON A MAGNETISED NEEDLE. 

It has been seen in the two preceding chapters, that I had not 
only shown, as my predecessors had done, that there arc certain 
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coincidences between the direction of the magnetic needle 
the most marked phenomena of auroras, but also that I had 
discovered, as early as 1819, that these phenomena affected the 
movements of the magnetic needle. I was even able to show, 
in 182.2, that former auroras had caused in compass needles 
movements which, at the time, had either escaped attention, or 
had remained unexplained. Inferences of such importance 
fixed my attention on this class of phenomena ; and for more 
than ten years I collected with care all observations of auroras, 
in order to compare them with my observations of magnetic 
declination, inclination, and force. I thus found that the three 
principal phenomena of the magnetic needle were influenced by 
auroras, and this even when the auroras were not visible at the 
place where the magnetic elements were observed. The results 
thus obtained were, at first, contested by several physicists, 
according to an almost invariable law to which all discoveries 
are subject. It was not admitted that I had effectually solved 
the question, either by my own experiments, or by the detailed 
examination which I had made of the numerous observations 
of Celsius, Hiorter, Wilcke, Wargentin, Canton, Van Swin- 
don, Cote, Cassini, and Dalton. Those who will read the 
catalogue of auroras observed in both hemispheres from 1819, 
drawn up by me from my private correspondence, and from 
the examination of difterent scientific journals — taking that 
catalogue in conjunction with the record of the march of the 
declination needle at Paris at the same time, — wUl be satisfied 
that the opinion which I adopted as early as 1817 was thus 
shown to be well-founded, not only as regards auroras seen at 
Paris, but also as regards auroras which never appeared above 
the horizon of that place. 

Some, who did me the honour of occupying themselves with 
the above opinion, preferred trusting to recollections of verbal 
communications made by me to the Academy on these im- 
portant plicnomcna, rather tlRn to the notes published by me 
from time to time in the Annales de Chimie et de Physique*” 
I found among my adversaries an illustrious physicist who has 
since become my friend. Sir David Brewster, who is a Foreign 
Member of the Academy. of Sciences, (the highest distinction 
which a scientific man can desire,) will forgive me this recol- 
lection, which I cannot efface from the history of science. 

However, the various remarks, epigrams, and witticisms (for 
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all such were pressed into the service, even to a comparison 
bringing in the name of the battle of Navarino), were not directed 
altogether against what I really did state. Expressions which I 
did not use have been attributed to me, and printed in italics. 
It matters little that I have published precisely the conti’ary of 
the phrases for which I am blamed ; the italics fasten them 
peremptorily on me. It would be no doubt to be regretted if 
such principles of literary criticism should make many prose- 
lytes; but passion looks less closely, and permits itself to 
indulge in a vigorous refutation of experiments not yet pub- 
lished, and only imperfectly known by confidential communica- 
tions from their author. Leaving these remarks for rcfiection, 
I pass without further preamble to a thorough examination of 
the real question. 

My critic deems it strange that I should not have regularly 
published the Paris magnetic observations in the Annales de 
Chimie et de Physique.” My answer must be the axiom, that 
a thinff contained must be smaller than that which contains it. 

o 

The Annales” form each year three small octavo volumes, 
while the magnetic observations made at the Observatory in each 
year would fill a thick folio volume. It must be perfectly evident 
that monthly means cannot decide the question of the influence 
of auroras, and that for this purpose detailed observations 
during each day are indispensable. If, as I wish, these obser- 
vations are hereafter published, it cannot, for the aforesaid geo- 
metrical reason, be in the Annals,” or in any other scientific 
journal: special publication by the Government is the only 
way by which my critic’s demand could be satisfied. My 
crime is that of having made too many observations to be pub- 
lished in extensof 

I had thought that by giving every year, with the mctcorulo- 


♦ I am made to say that predictions ^ auroras deduced from the move- 
ments of the needle have always been exact ; even italics have here been 
deemed insufficient, and the word “ always ” has been printed in very large 
letters. Now my critic had before him, at this very time, a Memoir in 
which Mr. Hanstcen reproached me, on the contrary, with having admitted 
that all disturbances might not perhaps proceed from auroras. He might 
also have read my own statements, to the effect that several of my announce- 
ments had not yet been verified ; and that, as soon as Parry’s and Franklin’s 
Voyages should be published, I would publicly state the results, whatever 
they might be. In the face of these documents, was it worth while to print 
the word “ always ” in large letters ? 
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gical report, a list of the days on which the displacement of the 
magnetic needle had led me to entertain an expectation that an 
aurora would have been somewhere visible, I should stimu- 
late persons who might have observed such phenomena to pub- 
lish their remarks. My critic finds fault with these pre-- 
dictions^^ that being the name which it pleases him to give to 
my indications ; and he complains that I monopolise ” them. 
He says it is the duty ” of an author to publish observations 
without delay. There are various ways of understanding duty ; 
and I have found myself more than once in complete disagree- 
ment with my critic on this point ; I have, therefore, no diffi- 
culty in saying that I hold myself free to present my observations 
to the public, either in whole or in part, only at the time when 
1 shall think them worthy of being submitted to it. As to the 

monopoly ” which I have assumed to myself (that of discussing 
my own observations), I venture to hope it will be exempted 
from the condemnation which is now generally pronounced on 
whatever bears that name. Even now, after a much occupied ca- 
reer, I do not find time to publish my works, and am obliged to 
confide the care of doing so to friendly hands. For the rest, if 
those who have criticised my pre<lictIons ” should desire to 
compete with me in this respect, I will send them with pleasure 
the three talismans which I employed, viz., a thread of raw silk, 
a magnetised needle, and a microscope ; to Avhich I would add 
my best wishes for health, zeal, and a large store of patience. 

When I first learnt the jealousy entertained of my terrible 
monopoly of the prediction of auroras, I own to having felt a 
slight movement of vanity, — unluckily it was of very short du- 
ration. The most energetic of my critics declares that my pre- 
dictions are false, and proceeds to prove it in two w^ay s. 1 st, 
by citing observations of auroras, ^he appearance of which 
cannot be made to agree with tlie march of the needle at Paris ; 
and 2ndly, by pointing out unfulfilled predictions. 

The auroi’a which he considers irreconcilable with the 
march of the needle at Paris, is that of the 17th of August, 
1825. It was observed at Leith at ten in the evening. At 10 
r.M. my horizontal needle presented nothing extraordinary, but 
as it had been notably disturbed in the morning, I had thought 
that the luminous streamers observed in Scotland at night were 
the latter part of an aurora occurring in the daytime. I should 
need to quote a whole page of the critic’s writings to show how 
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much contempt this hypothesis excites In his mind. He presents 
it as a sample of M. Arago’s mode of reasoning ; and as an in- 
structive example of tlic distrust with which the views of 
makers of theories generally ought to be regarded. I am sure 
he had some sentiments of compassion for the confusion with 
which he was overwhelming me, although they did not prevent 
him from giving me a finishing blow, by exclaiming, — If the 
aurora at 10 p.m. was the continuation of a day aurora, why 
was not it seen at Leith between seven o^clock and ten ? At 
all events, why did It not disturb the needle on the evening of 
the 17 th of August ? ” 

On the first point, may I be permitted to reply, that at 
Leith at 7 p.m., on the 17th of August, the sun has not yet 
set, and that sunset is there followed by twilight quite strong 
enough to mask the beams of an ordinary aurora for some con- 
siderable time longer; that, moreover, there .is no proof that 
the sky was clear in the northern quarter previous to the ob- 
servation ; and, lastly, tliat it is possible that the Leith meteoro- 
logist may only liavc put his head out of the window at ten 
o'clock ; for if I am not mistaken, he says, I saw an aurora 
borealis at ten,” not an aurora began to appear at ten.” 
Further, is It necessary for a native of the South of France to 
tell a Scotchman, born and bred amidst the Northern Lights, 
that an aurora has not always the same degree of brightness 
throughout the whole period of its apparition ; that sometimes 
it fades so much as to be barely visible for some hours, and 
then suddenly brightens afresh ? I shall wait until it shall be 
proved to me tliat none of these circumstances took place on 
the 17th of August, before I agree to the justice of the reproof 
addressed to my mode of reasoning.” 

The critic flatters hims^if that he has entliely overturned ” 
my conclusions by the remark that at 10 p.m. on the 17th of 
August, while the aurora was visible at Leith, the needle at 
Paris occupied its usual place ; but this is to combat a phantom. 

I have said, and I maintain, that a considerable aurora is 
always, or almost always, attended by an irregular deviation of 
the horizontal needle at Paris ; but I never maintained that this 
needle is out of its usual place during the whole time for which 
the aurora lasts. As the attendant perturbations of the needle 
arc sometimes to the east and sometimes to the west, during the 
same aurora, it is, on the contrary, evident that in changing 
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from the one to the other, the needle must pass through its 
usual position.; and an observer who should only see it then 
might not suspect the existence of a disturbing cause. Will 
my critic do me the kindness of saying whether this simple 
remark does not overturn” his crushing objection? 

Now to pass to predictions which have not been realised : I 
had announced that; judging by the indications of my needle, 
auroras should have been seen in the north on the night of the 
21st of August, 1825 — on the morning of the 22nd — during the 
night of the 26 th — and particularly Huring the night of the 
29th. The *critic, having consulted the observer at Leith, 
declared that on the 21st of August, although the weather was 
fine, and especially on the 26th, there was no aurora. C]|p the 
29th, the sky was not favourable ; but the other predictions 
have been falsified by the event. What, then, in presence of 
these facts, becomes of the sweeping conclusions of M. Arago ? 

These conclusions will have little to fear when I shall have 
rectified an error of translation (an unintentional one, I am 
sure), in my critic’s memoir. I bad believed, I ca^ot now tell 
on what grounds, that the sky had been clouded at Leith on the 
21st, 22nd, 26th, and 29 th of August; I did not therefore hope 
that any auroras could have been observed tlierc ; and so I had 
said, If, with clear weather, observers placed more to the north 
(z. e.f north of Leith) liave not seen any auroras, on the night of 
the 29th of August, for example, I shall be forced to admit that 
tliere exist other causes, still unknown, which exercise a con- 
sidcu’able influence on the march of the magnetic needle.” 

My critic makes me say, If the sky was not clouded at 
Leithy and if the observers there have not seen any auroras,” &c. 

It is fair controvei'sy to confound authors by their own words ; 
but strict justice requires that, then more than ever, those words 
should be reported with exactness. If, as I have erroneously 
been made to appear to do, I had placed myself at the discretion 
of the Leith meteorojogist, I should now have had notliing to 
say, since be declares that no aurora was seen either on the 21st, 
22nd, or 26th of August ; but my appeal had been made to all 
observers in the north, whoever they might be ; and they have 
answered, — for by the mouth of Mr. Hansteen, my critic’s par- 
ticular friend, they have ^declared that tliey saw auroras in the 
latter part of August. The celebrated Professor of Christiania 
even thinks that ho may affirm that the phenomenon showed 
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itself on the 21st, 22nd, 23rd, and 26tli of August; after this, 
what is it to me that nothing was*seen at Leith ? I need hot 
enumerate all the causes which may have brought about this 
negative result ; sufficient for me is the positive observation of 
Mr. Hansteen’s correspondent ; it proves that in the latter part 
of August, 1825, my needle spoke^iith. Now that my credit 
as a prophet is thus restored, I will venture on a new prediction, 
which I am sure will be realised; it is, that my critic will 
abstain from communicating my categorical answers to the 
readers of his journal. 

After concluding the criticism on my observations, the 
author, on passing to those of Parry and Foster, exclaims : — 

We^now arrive at a period of sound inquiry ^ at a period when 
the magnetic needle and the aurora borealis were observed at 
the same time, on the same horizon, and by men who had no 
hypothesis to support,” &c. &c. 

I abstain from any remark on the two words italicised above : 
as my critic thought my impuries unsound he was right in 
saying so, tljpugh he would have done better to have proved it ; 
some surprise may, however, be excited by them, viewed in con- 
junction with the opening passage in his article, in which he 
promised a candid and moderate discussion \ but, as said the 
poet : — 

“ Chassez le naturel, il revient au galop/’ 

The inclination needle deserves no less attention than the 
horizontal needle, but, owing to its much more imperfect mode 
of suspension, no one has yet succeeded in making out very 
distinctly whether its position is also subject to diurnal varia- 
tion. I have thought such an inquiry deserving of fresh 
attempts, and after many failures I have at last succeeded In 
determining the daily changes of the inclination, not only by 
monthly means, but also by the observations of each day. I 
have thus been enabled to recognise, that the diurnal variation 
of the magnetic force, determined by the vibrations of a hori- 
zontal needle, does not depend entirely upon the changes which 
the inclination undergoes; that these latter changes would 
require to be greater than direct observation gives them, if 
they had to account for, the whole; and that we may thus 
infer that the total force of terrestrial magnetism itself under- 
goes approximately regular variations every twenty-four hours. 
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This is, in brief, the result of the analysis of my investigation, 
which is composed of more than eighty thousand observations. 
Wlienever I have been obliged to be absent, several of my 
friends have been so kind as to supply my place. I should 
wish to express to them here my gratitude, but ought I not to 
wait, in order to do so, until my critic shall have owned that 
he judged hastily ? For niy own part, I have no hesitation in 
declaring, though perhaps it may not be quite polite to do so, 
that his cutting decisions have neither* grazed my self-love, 
nor in the least weakened my convictions: for the present, 
therefore, I take to myself the whole responsibility, whether of 
the inferences which the observations have appeared to me to 
justify, or of what he deems the unsound direction which I 
have given to the whole inquiry. After this short digres- 
sion, I return to the discussion of the memoir of my celebrated 
critic. 

It would seem as if he had had some vague misgivings as to 
the strength of the objections which I have been combating, 
for at the close of his memoir he has recourse to authority to 
cut short the question between us. lie speaks as if he deemed 
that no physicists of any country are any longer free to admit 
any influence of auroras on magnetic needles, since the Royal 
Society has awarded the Copley IVIedal for 1827 to Captain 
Foster, and especially since Mr. Davies Gilbert, successor to 
Sir Humphry Davy in the Presidency of the Royal Society, 
has classed among the results of the skilful observer and navi- 
gator who has been just mentioned, the refutation of a pre- 
tended connection between the agitations of the magnetic needle 
and auroras.” (Sec Anniversary Address in 1828.) 

No one has for the Royal Society a more sincere admiration 
than that%hich I have always publicly professed. I had 
imbibed this sentiment, from the perusal of the Philosophical 
Transactions,” long before that illustrious body had done me the 
honour of enrolling me among its foreign members. In sponta- 
neously granting me In 1825 the Copley Medal, and in thus 
calling the attention of physicists to the discoveries in relation 
to magnetism which I had just made, the Society im])oscd upon 
me a highly pleasing duty, that of the most lively gratitude. 
I might suppose that my critic had reckoned on my thus feeling 
myself placed in an embarrassing position, and that if I repelled 
his arguments, I should still feel myself called upon to subscribe 
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to the decisions of a Society who had just bestowed upon me 
such marks of kindness ; but in case such an idea should have 
been fonned, I hasten to say it would be a complete error. I 
should think myself truly unworthy of the favours I received, 
if, in a question of science, I allowed any weight whatsoever to 
personal considerations ; if I looked to the source from whence 
arguments proceed, rather than to their force ; and especially if 
I gave way to decisions destitute of proof. It might have been 
rather remembered, that, in becoming a Fellow of the Royal 
Society I should adopt its motto, — Nullius in verba. I now 
proceed unreservedly to that part of the memoir in which my 
learned critic thought his position rendered unassailable by the 
imposing authorities arranged on his side. 

In my opinion the Royal Society only performed an act of 
entire justice by awarding their medal to Captain Foster’s 
Memoir. The multitude of observations obtained by that inde- 
fatigable officer, the difficulties amidst which they were made, 
the small distance which divided the several stations from the 
magnetic pole, all render his work one of the most valuable 
acquisitions with which science has been enriched for a long 
time. No one, I think, can desire from me a more frank or 
full declaration than this : now let us sec how far it has com- 
promised my cause. 

I will suppose for a moment that, as Captain Foster announces, 
aurorjis have na effect on the magnetic needle at Port Bowen. 
No doubt this would be a very curious fact ; but what could be 
concluded from it as against our observations at Paris ? Be- 
cause thunder is unheard near the Pole shall we infer that it is 
never heard in France? IMy critic will be shocked at this 
comparison ; but I am sure that on reflection he will see that I 
have only made it because it points directly to tHi fallacy of 
his argument, — because it show’^s that a meteorological fact may 
be only true in the place where it has presented itself. I 
fancy, however, that I liear him accuse rnc of having forgotten 
that Captains Parry and Foster ^Mived among tlic very beams 
of the northern lights,” and how can we admit that an aurora 
acts at a distance when we find it produce no eftect near at 
hand ? I answer, that we arc ignorant of the manner in which 
the action in question is exercised; — ^ that it is not impossible 
that the amount of the inclination may have an important share 
in it ; — and that where the resultant of the terrestrial magnetic 
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force is almost vertical, the perturbing force may become In- 
sensible, especially if, as at Port Bowen, the aurora has some 
tendency to appear simultaneously on all points of the horizon. 
To generalise under such circumstances, and to apply to the 
49 th degree of latitude what was observed under the 73rd is 
evideiitly to build on the sand. 

But I will now go farther, and I believe that I shall establish 
without much dilBSculty that Foster’s observations do not prove 
that in the northern regions, in which he observed, the magnetic 
needle during auroras is less disturbed than at Paris. 

At Paris accidental changes in the direction of the needle of 
3' or 4' of a degree strike the least attentive observer ; pertur- 
bations of 10', 15', or 20', appear to him enormous, and they 
really are so when viewed relatively to the ordinary deviations. 
It is otherwise at Port Bowen, vrtiere the declinations observed 
on one day and those observed at the same hours on the fol- 


lowing are ordinarily very different, 
taken indiscriminately : — 

Tima 
h, m. 

I will cite .an examj^le. 

Position of 

Needle. 

22nd of Jamiary 

- 1 1 

1 

■ 

o 

o 

00 
1— « 

o 

CO 

23rd of 


- 1 10 

- 1 

26 „ 

24th of 

„ 

- 1 8 

- 6 

10 „ 

23tb of 

11 

- 1 3 

- 0 

40 „ 

26th of 


- 1 9 

- 1 

6 „ 

27th of 


- 1 2 

- 0 

52 „ 

28th of 

„ 

- 1 7 

- 0 

19 „ 

29th of 


- 1 4 

- 0 

20 East. 

30th of 

»> 

- 1 21 

- 0 

2 West. 


Among numbers so discordant, what is to be adopted as the 
regular march of the needle ? When from day to day the 
partial results habitually differ from each other more than half 
a decree, how should accidental anomalies due to auroras be 
distinguished, if, as at Paris, they only rise to 10', 12', or 15'? 
Hence it appears to me evident, that if Parry and Foster 
believed the aurora to produce no effect on the needle in the 
arctic regions, it is only because they had supposed that such 
influence would be much more considerable than it really is. 
Port Bowen is a station but little favourable for this kind of 
research. ISIy critic would thus only have left to him as 
authority the decision of the Royal Society as contained in the 
phrase which I quoted ; now I have consulted on this subject 
one of the most distinguished members of the Committee, and 
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have thus learnt that nothing was decided, or even discussed, 
as to tlie action of auroras. The inferences deduced by Foster 
from his observations rest therefore on his sole authority. Tlic 
Royal Society neither admitted nor rejected them. The words 
used in the discourse of the President may appear a little too 
positive, but they must be taken — and in this way all is 
explained — simply as the enunciation of an opinion held by 
the author to whose work the medal was awarded ; now I have 
already pointed out the circumstances which naturally led 
Foster, notwithstanding his distinguished merit, to draw con- 
clusions which his tables did not really suflBciently warrant. 

The above remarks were written during an excursion in 
Switzerland, fragmentarily, in the course of reading the memoir 
of the learned physicist of Edinburgh. I own that I attached 
some importance to the elucf&ation of a curious question, in 
regard to which it seems to me that it was attempted to make 
Science retrograde, and lose a step which she had gained. 
Afterwards, however, I was led to think for a moment of sup- 
pressing my reply, when, on arriving at certain passages which 
I will now consider, it seemed to me evident that my critic 
(by a misadventure riot unfrequent with critics) had not the 
slightest idea of the nature of the phenomena to which this dis- 
cussion relates. The passage I allude to is the following : — 

Lieutenant Foster has given an extract of the diurnal 
variation as observed with one of his needles for the months of 
January, February, March, April, and May, 1825. In one 
column there is given the value of the diurnal variation, and in 
another all the auroras which were seen are noted ; so that 
we can compare the mean oscillation of the needle corresponding 
to the periods when there was no aurora, with that of a period 
during which many auroras were visible {and thus obtain the 
united effects of groups of these motions^. 

The following table will place this in a clear light : — 


January 

Number of 
Auroras 
seen. 

- 14 

Mean Value 
of Diurnal 
Variation. 

1« 37' 30" 

February 

- 14 

1 38 0 

March 

- 2 

2 14 30 

April 

- 0 

2 52 44 

May 

. 0 

3 44 39 


Means. 

1° 37' 15" 

2 14 30 

3 18 42 


* The few words underlined are given by me in English because I am 
not sure that I rightly apprehend their meaning ; they are not, however, 
material to the general sense. 
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These comparisons present a very curious result, which 
Foster does not seem to have perceived. Instead of a disturb^ 
ing influence^ the aurora^ in the Arctic regions^ appears to exercise 
upon the magnetic needle a sedative or tranquillising injluence,^^ 

I really do not know where to begin in the enumeration of 
the singular ideas (by politeness I blot out the w;ord blunders) 
Avhich my critic has contrived to comprise in these few lines. 
As, however, I must make a selection, I will first ask whether, 
in judging of the comparative number of auroras in the months 
of winter and of spring by the number which were visible, the 
reasoning is not precisely as if one w^ere to maintain that 
during daylight there are fewer stars above the horizon than at 
night? — for at Port Bowen the night lasts the whole twenty- 
four hours in January and February, while in April and May 
the sun scarcely sets. If I next pass to the supposed sedative 
influence, would not this have to be regarded as an action no 
less real than that of which the existence was contested? 
Should not the writer have perceived that in admitting such an 
influence, he must support it, not only against Mr. Foster, but 
also against the Royal Society, who, according to him, had 
adopted Mr. Foster’s opinions? Tlie observations attacked by 
the Scotch critic profess to show, that on a day of aurora the 
magnetic needle at certain hours in the course of the day marks 
declinations very different from those which are found at the 
same hours on days when aurora does not take place. The 
anomalous declinations are sometimes greater and sometimes 
less than the ordinary declinations. According to my critic, if I 
rightly comprehend his sedative influence,” the needle would 
be arrested in the position in which it should be found by the 
aurora, and on such days the diurnal variation w'ould always 
be inferior in amount to that on ordinary days ; but the pertur- 
bation would not be less real because always exercised in this 
particular manner. If this was the result to be arrived at, it was 
scarcely worth Avhile to entitle the memoir intended to criticise 
me On the supposed Influence of the Aurora Borealis.” 

But, in truth, the calculation made by the critic, and which, 
as he remarks, Captain Foster had not thought of making, has 


* I beg the reader to notice that the italics here are the critic’s own ; 
apparently to mark the importance of the inference, of which, by remarking 
that Mr. Foster did not perceive it, he declares himself the discoverer. 

E E 
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no reasonable meaning, — as I proceed to attempt to show by an 
illustration. 

Suppose I take all the thermometric observations made at 
Port Bowen, and deduce from them the mean diurnal variations 
of temperature for the months of January, February, March, 
and April. I range these in a vertical column, and place op- 
posite to them the corresponding number of auroras seen in 
each of the same months. I then sec at a glance that in 
January and February the diurnal variation of the thermometer 
was very small, and that there was an aurora one day out of 
two ; that in March and April, on the contrary, the tempera- 
ture changed a great deal in the course of the twenty-four 
hours, and that auroras had nearly ceased to be noted. Why 
might I not argue from thence, in my turn, if the critic’s mode 
of reasoning were correct, that auroras exercise a sedative in- 
fluence on the thermometer? Or if the learned Secretary of 
the Edinburgh Society does not like this comparison, I can 
easily furnish him with another. I may say, for instance, if he 
pleases, that Jit Brest, in 1825, the tides of January and Feb- 
ruary were much smaller than those of March and April, by 
reason of the sedative influence which the auroras, in the two 
first named months, exercised on the waters of the ocean. Or 
why may I not equally say that they have influenced the height 
of the barometer, or even, if need were, the distance between 
the sun and the earth ? I hear my critic exclaim, that all this 
is absurd. For my part I willingly admit it to be so, but he 
should pause to consider whether he is not condemning himself 
by such a sentence? — for, in truth, what change have I made in 
the reasoning employed by him, except in substituting the 
words — variations of the thermometer, variations of the tides, 
variations of the barometer, variations of the distance of the 
sun, for the words — diurnal variations of the declination of the 
magnetic needle ? My supposed results would deserve neither 
more nor less belief than the one which he has put forward as a 
discovery which Foster missed making, although he had brought 
together all its elements. 

The circumstance on which the critic has based his sup- 
posed discovery does not belong exclusively either to Port 
Bowen or to the year 1825. It has been always and every- 
where observed. Whether there are auroras or not, the mean 
diurnal variation of the magnetic needle is constantly less in the 
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cold than in the warm months. In this respect the arctic and 
the temperate regions are perfectly alike. It is not even neces- 
sary to have recourse to the monthly means in order to bring 
out this result. In our climates the daily observations, looked 
at by themselves, show it clearly. Auroras, which are an ac- 
cidental phenomenon, have no other influence on this general 
march than to disturb it occasionally; but as they cause the 
needle to deviate sometimes on one side and sometimes on the 
other, scarcely any trace of their action remains in the monthly 
means. These considerations belong to the first elements of 
the question, as systematic works on physics bear witness. By 
what singular circumstance has the learned critic remained 
ignorant of them ? How, at any rate, has he failed to remark 
in his own table that the diurnal variations in the months of 
April and May differed much from each other, although his 
sedative” pow6r did not show itself in either of those months? 
How, above all, did he fail to perceive that a phenomenon of 
daily occurrence could not be attributed to a variable and acci- 
dental cause ? I could, perhaps, have understood it if the com- 
parison had been made between the fourteen days of January 
on which the aurora was seen, and the seventeen days in the 
same month on which it was not seen ; but not so a comparison 
between the months of January and April. 

I must now say that I did not long continue to be the only 
observer of the influence of auroras on magnetic needles. . 

In 1824, in his voyage to Hudson’s Bay, in the Griper,’ 
Captain Lyon remarked that the needles of his ship’s compasses 
were violently agitated during auroras, even when their directive 
property had almost entirely ceased. {Brief Narratwcy p. 167.) 

My discovery on the influence of auroras has Aot only been 
contested ; but, as is also often the lot of discoveries, it has been 
sought to deprive me of a part of whatever merit it might possess. 
This happened after a note had been published by me in 1825, 
in the “ Annales de Physique,” on the influence which different 
auroras observed in the north of Scotland had exercised on the 
position of the magnetic needle at Paris. M. Hansteen did 
me the honour of submitting this note to a critical examination, 
of which I will give the leading particulars. 

The meritorious physicist of Christiania says, first, that my 
remark on the influence exercised by auroras in places where 
they are not seen is not entirely new ; ” he thinks, however, 

E £ 2 
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that it has a great interest,” because it shows that this meteor, 
differing very much in this respect from rain, thunder, &c. &c,, 
is not the result of an action exercised only over a small extent 
of atmosphere, but is indeed the effect of a derangement of 
equilibrium in the whole system of the magnetic forces of the 
globe. 

In order to prove that my remark is not entirely new, the 
author then goes on to cite observations made on the 5th of 
April, 1741, by Celsius at Upsala, and by Graham in London. 
Celsius saw on that day an aurora borealis, during which his 
horizontal needle was disturbed: Graham observed a similar 
disturbance of his needle in London, but does not mention any 
aurora. 

* When I announced in 1825 that auroras act on the magnetic needle, 
even in places where they are not seen, I abstained from affirming any 
thing as to the novelty of this observation, although I had not found it in 
the numerous memoirs which I had consulted. 

On reading the first part of Mr. Hansteen’s Memoir, I found reason to 
rejoice that I had not laid claim to any novelty, for I own that at first I 
attached no importance to the words “ cwftWty new ” which I regarded simply 
as an expression of politeness; it being clear that an assertion, such as I had 
published, cannot be half new ; I therefore resolved on giving up any kind of 
pretension to a new discovery, and on rendering entire justice to the first 
author of the remark, and thenceforward to present my own observations only 
as confirmatory. When, however, I afterwards came to examine the proofs 
adduced by M. Hansteen, I felt that I had not invaded the rights of any one, 
and that there was no ground for any reparation on my part. I regard 
Mr. Graham’s observation in London as unimportant, because he does not 
say whether an aurora was or was not visible, and there is no evidence 
that he sought to assure himself on this head ; and also, because everything 
indicates that he was not aware of the connection of this phenomenon with 
the movements of the magnetic needle. Will not M. Hansteen permit me 
to add a reason why I think that, even if Mr. Graham’s note had contained 
the particulars which are wanting in 4, still no legitimate deduction could 
have been drawn therefrom relatively to the action which, according to me, 
is exercised by invisible auroras. It is well established by a multitude of 
observations, that an aurora seen at a given place often leaves the magnetic 
needle there in a state of disturbance for a considerable time after it has 
ceased to appear: now, since in London on the 5th of April, 1741, the 
needle was considerably agitated in the daytime, there is reason to believe 
that there was then above the horizon an aurora which the daylight alone 
prevented from being perceived, and of which the oscillations of the needle 
in the night were the consequence. This conjecture will appear the more 
natural, when it is remembered that, at Stockholm itself, Celsius only saw 
at night faint traces of an aurora which was drawing to its close. In 
order to prove incontestably the influence of invisible auroras, it is then 
necessary that at a given place, say Paris, “ on a certain day, the sky being 
perfectly clear, the needle shall have been seen to follow its regular march 
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I had indicated the days on which the needle was notably 
deranged at Paris in 1827, without any aurora having been 
observed at Edinburgh; M. Hansteen has examined his me- 
teorological journals to see whether, farther to the north, at 
Christiania, the meteor may not have shown itself, and he has 
found that : — 

On the 13th* of March the sky was cloudy; so that aurora 
could not have been seen. 

On the 30th and 31st, the sky was clear, and yet the journal 
does not record any aurora; but the window from which M. 
Hansteen observed the state of the *sky did not look towards 
the north. Near Drontheim, where there is an observer, snow 
was falling on the 30th and 31st of March, and on the 1st of 
April. 

On the 21st of April the sky was quite clouded at Christiania. 
(I had not spoken of the 21st of April, and do not know on 
what account it is cited.) 

On the 19th and 21st of August the state of the atmosphere 
would not have permitted an aurora to be seen at the places 
where M. Ilansteen’s correspondents were residing. 

On the 25th t of August, forty minutes after eleven, an 
aurora showed itself at Christiania and at Hardenger. M. 
Holmbje’s journal says, that the aurora was seen several times 
in the latter part of the month of August, but does not state 
the actual dates. M. Hansteen thinks it very probable that 
they were the 21st, 22nd, and 23rd ; and adds that, if this were 
so, we should thenceforth not be obliged to admit, with M. 

until night, and that then, and only then, it shall have become notably de- 
ranged, that the observer shall have looked scruj)ulously for any appearance 
of aurora and have found none, and that an aurora shall have been seen at 
some other station, situated considerably further to the north.” The com- 
bination of all these circumstances has taken place so frequently during my 
observations, that I had full reason to feel no hesitation in submitting to 
physicists the result to which it conducts, and of which M. Hansteen, by 
means of this discussion, will have done me the service of placing the 
novelty in a clearer light. If, instead of elucidating the question by argu- 
ments taken in the nature of things, I had merely wished to reply to criti- 
cism, I might have contented myself with remarking, that the learned Nor- 
wegian professor, in analysing in his great work the observations of Celsius 
and Graham, made no mention of the inference which, since the publication 
of my notice, he has deduced from them. 

* I think the 19th must have been meant. I had said nothing of the 
13th in my notice in the Annales. 

t Should the date not be the 26th of August ? 

£ £ 3 
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Arago, that there exist unknown causes (other than auroras), 
which act on the magnetic needle.” 

10th of September. Very brilliant aurora at Christiania. 

7th of October. Cloudy sky. 

3rd or 4th of November. Aurora at Bergen. 

22nd of November. Sky clear at Christiania; yet the 
Meteorological Journal does not mention any aurora. (An 
aurora was seen at Leith.) 

On the 26th of August, M. Hansteen being near Borneo, in 
Lapland, his horizontal needle, at a quarter before ten in the 
evening, made 300 vibrations in 887 seconds; whereas it 
usually took only 881 seconds to make that number of vibra- 
tions. 

This irregularity,” says M. Hansteen, having coincided 
with the variation in the declination observed by M. Arago in 
Paris, shows that the influences of auroras embrace very large 
extents of country, and that disturbances of the magnetic force 
take place as well as disturbances of the declination.” f 


CHAP. XL 

ACTION EXERCISED BY EARTHQUAKES ON THE MAGNETIC NEEDLE. 

Although I consider that I have fully demonstrated the 
influence exercised by auroras on the magnetic needle, I have 

* If I should suppose the translation of M. llansteen’s Memoir to have 
been correctly printed in the English Journal in which I found it, I would 
remark that my proposition was different from this. I said, “ The march of 
the needle on the 29th of August, 1825, having presented very great anoma- 
lies at Paris, if, with serene weather, observers in the North have not seen 
any aurora, it will be necessary to admit that there exist other causes, still 
unknown, which also exercise a considerable influence on the inarch of the 
magnetic needle.” I did not say that I admitted such causes ; I only showed 
under what circumstances it would become necessary for physicists to have 
recourse to them. 

f This result ’is quite correct ; but iM. Ilansteen’s observations do not 
sufficiently prove it to be so. The inclination needle, as before stated, 
changes its direction during auroras as well as the declination needle, and 
hence the time of vibration of horizontal needles would vary, even though 
the intensity of the magnetic force should remain constant. It is only after 
correcting the time of vibration for the effect produced by changes of in- 
clination that the intensities corresponding to different hours and different 
days can be deduced. 
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not concluded, from my researches, that all irregular variations 
which might be presented by a compass needle would be due 
to the appearance of an aurora in some part of the globe. Far 
otherwise. I have shown that earthquakes occasioned special 
oscillations of the needle. 

The' newspapers announced that a considerable earthquake 
had been felt on the 19th of February, 1822, in Auvergne, at 
Lyons, and in Switzerland. The shock extended to Paris, 
where it was felt at a quarter before nine in the morning (ap- 
parent time), or a few minutes earlier, and its direction very 
nearly coincided with that of the magnetic meridian. 

I subjoin an extract from the register of the observations of 
the diurnal variation of the declination needle for the 19 th of 
February, 1822: — 

^^At eight in the morning the needle appeared perfectly 
tranquil, even when viewed through the microscope.” 

At a quarter after eight, all the circumstances were quite 
similar ; the north end of the needle approached only a few 
seconds nearer to the geographical meridian. 

Half-past eight. Needle still very tranquil : the march of 
the north end towards the geographical meridian has ceased ; 
the needle is now at its minimum of declination. 

A quarter to nine. There was not, properly speaking, 
any observation at this hour, that is to say, no reading of the 
scale indicating the position of the needle, but I had written in 
the register as follows : — ^ The needle is very much agitated. 
I would even say that nothing similar has ever presented itself 
before since we have begun to observe the diurnal variation. 
The movements are so great, that the microscope is unnecessary 
for observing them; they are seen perfectly well with the 
naked eye. The circumstiince which renders the derangement 
remarkable is, that the oscillations of the needle are exclusively 
in the direction of its length.’ I can see nothing but an earth- 
quake which can be supposed to have given occasion to a move- 
ment of this kind ; and even this would require to have been 
exactly in the direction of the magnetic meridian, that is to 
say, in a line forming with the geographical meridian an angle 
of 22y. 

Nine o’clock. Needle very tranquil. The north point has 
as yet only retrograded 6" towards the west. 

E E 4 
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Half-past nine. Needle tranquil. The movement to the 
west continues as usual, gradually, and witliout shocks. 

The direction in which the oscillations took place at a 
quarter before nine allowed it to be recognised that the axis of 
the needle was then in a position exactly intermediate between 
the two declinations (which, moreover, differed very little from 
each other) observed at half-past eight and at nine. If elec- 
tricity, as is generally believed, is concerned in earthquakes, 
we see that, in the one of this day, at least, it has produced no 
effect on the declination of the magnetic needle.” 

I wrote this note at the moment when the great movements 
of the needle were taking place. Having afterwards learnt 
that the earthquake shock had been sufficiently strong at Paris 
to have been felt by persons in their beds, I thought it would 
be curious to see whether the march of the sidereal clock of 
the Observatory might not have been affected by it. But the 
following table shows that the earthquake had absolutely no 
effect in this respect. The vibrations of the pendulum of the 
clock are performed in the plane of the meridian. 


Daily Rate of the Sidereal Clock of the Observatory, 


From the 15 th to the 16 th of February 

From the IGth to the 17th of „ 

From the 17th to the 18th of „ 

From the 18th to the 19th of „ 

From the 19th to the 20th of „ 

From the 21st to the 22nd of „ 


m. s. 

0 48 gaining. 

0 50 „ 

0 45 „ 

0 40 „ 

0 47 „ 

0 40 „ 


Mr. Gay sent to me from Valdivia, on the west coast of 
South America, some details concerning a perturbation of the 
magnetic needle at the time of the terrible earthquake of 
February, 1836. The needle was not again disturbed during 
the numerous shocks — very smtill, it is true — which have been 
felt since. Mr. Gay has made observations for a whole year 
on the diurnal variation of the declination. According to him, 
that phenomenon has not quite the same march there as in 
Europe. He says : — Instead of two daily movements, back- 
wards and forwards, I have always found three : one in the 
morning, to -the east ; one in the middle of the day, towards 
the west ; and the other in the evening, again to the east, — 
this last movement being the complement of -the morning 
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one. The hours of the maxima and the minima differ a little 
according to seasons, but anomalies are so rare, that I regard 
the triple movement as permanent in these countries. Can the 
great chain of the Cordilleras be the principal cause of this 
constant irregularity? I cannot believe it to be so; but I 
reckon on ascertaining the truth in this respect in a journey 
which I expect to make to Mendoza.” 


CHAP. XIL 

AURORA AUSTRALIS. 

Forster says in his work, that prior to Cook and himself no 
one had spoken of southern lights, austral auroras; they ob- 
served the first one seen by them in 1773, between 58® and 60® 
of south latitude. 

The dates of all their observations of this kind are, 18th, 
19th, 20th, 21st, and 26th February, and 15th and 16th March, 
1773. 

It is now pretty well established that there are as many 
polar auroras in the southern as in the northern parts of the 
globe. Every thing gives reason to suppose that the austral 
auroras, and those which we sec in Europe, follow the same 
laws. This, however, is but conjecture. Therefore when voy- 
agers see an austral aurora in the form of an arch, it is very 
important that they should note exactly the azimuths of the 
points of intersection of the arch with the horizon, or if these 
cannot be observed, that of the culminating or highest point. 
In Europe this highest point appears to be always in the mag- 
netic meridian of the place of the observer.f 

♦ [The translation is correctly rendered from the French. The diurnal 
variation which is intended to be described is not very clearly pointed out.] 
— Ed. 

t [This generalisation would appear to require modification if it be in- 
tended to include countries situated in the north of Europe, such, for 
example, as Norway. The Proceedings of the Royal Society of May 21. 
1840, contain a Report from the Committee of Physics to the Council, com- 
municated by the Council to the Society, on the meteorological observations 
made by Mr. Thomas, at Alten, in Finmorken, in lat. 69° 58', in the winters 
of 1837-38, and 1838-39, from which the following is an extract:— 

“ The phenomena of the aurora borealis appear to have been observed by 
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Numerous extoinations cited in this volume have proved 
that northern lights not visible above the horizon of Paris, and 
of which the existence has only been made known by the 
narratives of voyages in the polar regions, have strongly in- 
fluenced the declination, inclination, and intensity shown by 
magnetic needles at our observatory. Who, therefore, could 
venture to argue, from the great distance of the southern 
auroras, that they may not also exercise a disturbing influence 
on magnetism in our hemisphere? At all events, the care 
taken by voyagers to keep exact records of these phenomena 
will enable some light to be thrown on the question. 

It would also be desirable that in observatories the observa- 
tions should be sufficiently near to each other for no disturbance 
to pass unnoticed. 

If my memory docs not deceive 'me, among the meteorologists 
who have already collected a good number of descriptions of 
auroras in the southern hemisphere, no one before M. Lafond 
had seen them to the north of the zenith in the low latitude of 
45° S. Without wishing at present to attach undue import- 


Mr. Thomas with great assiduity, and recorded with great care. On ex- 
amining the register, with reference to M. Erman’s important remark, that 
‘ in Siberia two kinds of aurora are distinguished, one having its centre in 
the west, and the other in the east, the latter being the more brilliant,’ it is 
found that twibnty-two nights occur in the course of the two winters in 
which the formation of arches of the aurora is noticed and their, direction 
recorded; of these, ten are to the ' having their centres rather to the 
southward of west, the arches extending from N.W. to S.S.E. and S.E. ; 
zeven are to the ea,?#, or more precisely to the southward of east, the arches 
extending from N.E. to S.E. and S. W. Of the five others, /o?£r are said to 
be from east to west across the zenith, and cannot, therefore, be classed with 
either of the preceding, and one is noticed generally as being to the north. 
The facts here recorded appear to afford an evidence of the same nature as 
those mentioned by M. Erman, as far as regards there being two centres of 
the phenomena. In respect to the relative brilliancy of the eastern and 
western auroras, nothing very decided can be inferred from the register. 
If, as M. Erman supposes, they may be referred respectively to ‘les deux 
foyers magn^tiques de Themisphere boreal,’ it is proper to notice that the 
position of Alten is nearly midway between those loc^ities.” 

The magnetic declination at Alten was about 11® west. 

It happened to the editor of this translation, when at Eerwick, in the 
Shetland Islands, in the year 1818, to see two auroral arches existing at the 
same time, one having its centre or culminating point in the north-west, and 
the other in the north-east ; a fact which convinced him at that early period 
that auroral arches have noi always their culminating points in the magnetic 
meridian of the place of the observer.] — E d. 
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ance to the remark, I will add, that at the time of M. Lafond’s 
observations the horizontal needle with which the diurnal varia- 
tions were followed at the Paris observatory had a very irre- 
gular march. I now subjoin the account sent to me by that 
navigator. 

On the 14th of March, 1831, being in 45® S. lat, and 
about the meridian of the middle of New Holland, we saw an 
aurora australis. The auroras seen in the northern hemisphere 
being called boreal, it seems natural to call those seen in the 
southern hemisphere apstral. 

On the above date (14th January), and in the above-named 
position of the ship, the sun had set at half-past seven, but up 
to nine o’clock it was not dark, and even long after that hour, 
there seemed to be much light about the south horizon and a 
few degrees above it. Half an hour after midnight luminous 
streamers appeared in the north-east. They began 30® above 
the horizon, and were directed towards our zenith. At one 
o’clock these streamers became much brigliter and more lumi- 
nous, and extended more towards the north. At two o’clock 
they were at their greatest brightness, and embraced the whole 
portion of the heavens comprised between the N. N.E. and 
N. W. by compass, from 20® above the horizon to 10° or 15® 
beyond our zenith. 

The weather was fine, the sky clear of clouds, and the 
wind fresh from the S. W. 

The rays or streamers which we saw were formed by a 
mist, or by uniform and rather opaque clouds ; the light was 
more vivid and strong in the places where the mist seemed 
thickest ; there it had a dark rose colour, which melted in the 
intervals into white and pale yellow. 

From ’ time to time the beams or streamers wavered or 
flickered, and one could fancy at such times that one heard a 
brushing sound, which, however, was nothing but the effect of 
the sight of this movement on the imagination. At other 
moments the streamers moved more slowly, and resembled the 
undulations of a deep sea. To convey a just idea of the spec- 
tacle by a comparison, which, though true, may seem but little 
worthy of so grand and majestic an effect, imagine a vase filled 
with water placed in a court-yard, inclosed by high walls; if, 
on a fine day, the sun lights up the part of the yard in which 
the vase stands, the water will reflect the sun’s image on the 
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wall which is in shadow. If you shake the vase the liquid 
contained in it being set in motion will reflect the sun’s rays 
successively in all directions. 

The light from the auroral beams was sufficient to enable 
rather small print to be read with facility. To convince my- 
self on this point, I had an octavo volume of Firmin Didot’s 
brought to me, and my officers and myself repeatedly passed 
the book to each other, and all read some lines from it without 
difficulty. 

At three in the morning the luminous beams gradually 
disappeared, and were replaced by the light of the dawning 
day, which already began to appear in the whole of the E. S. E. 
quarter. 

On the 15th and 16th we saw the same auroral pheno- 
mena, but less bright, and of less duration.” 


CHAP. XIIL 

ON AN ARRANGEMENT OP CLOUDS SIMILAR TO THAT OP THE 
LUMINOUS BEAMS OP AURORAS. 

On Sunday, 24th June, 1844, towards half-past eight in the 
evening, the sky being entirely overcast, there was seen at 
Paris, towards the south, an apparently circular arch, a})pear- 
ing on an almost uniform stratum of clouds; it was dark, 
regular, and very extensive, yet did not continue down to the 
horizon, either to the east or to the west. This arch became 
blacker and blacker, and more and more defined. A whitish 
arch was soon formed along the internal border of the dark 
one, but not throughout its whole extent. 

Both above and below this appearance the clouds seemed to 
be in a state of singular agitation. 

The two arches, the white and the black, keeping always 
contiguous to each other, rose gradually higher above the 
horizon ; towards nine o’clock they reached the zenith, having 
previously become much fainter ; after which they dii^appeared. 

The culminating point of the arch appeared to be in a ver- 
tical plane forming an angle of about 20° with the meridian 
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towards the east. As the phenomenon seemed thus to have 
something of a magnetic character, M. Laugier, from the time 
when he perceived it, observed the needle for the diurnal varia-^ 
tions from minute to minute, but found it undisturbed. 

There were seen on different points in the atmosphere traces 
of polarised light, which evidently did not proceed from moon- 
light. It would remain to be examined whether they might 
not be caused by crepuscular light, or twilight. 

I ought here to remark that observations made in high lati- 
tudes have often shown that clouds assume the forms and 
position of auroras. 


CHAP. XIV. 

UNCEKTATNTY IN RESPECT TO THE POLARISATION OF THE LIGHT 

OF AURORAS. 

On directing the polariscopc, described by me in 1815, on the 
light of auroras, I have found traces of polarisation. But this 
simple observation did not authorise me to pronounce that the 
mysterious phenomenon of which we are treating shows itself 
to our eyes by reflected light. M. Baudrimont, indeed, thought 
that he might draw such a conclusion from the observation 
which he obtained of the light of an aurora borealis visible at 
Paris on the 22nd of October, 1839, at a quarter past ten at 
night; but in order to justify this conclusion it would have 
been necessary to ascertain that the rays observed in my po- 
lariscope, or of the strise in the Savart polariscopc described by 
M. Baudrimont, were not caused by the inevitable admixture 
of the moonbeams reflected from the molecules of the terrestrial 
atmosphere, and therefore polarised. It would also have been 
necessary to take into account the effects which proceed from 
the multiplied inflections which the beams of the aurora itself 
may experience in thfiatmosphere. An exact determination of 
the direction and apparent intensity of the polarisation in dif- 
ferent azimuths might have solved the difiiculty, but time did 
not admit of this. Observations will always be more decisive 
if not made during moonlight. This inquiry was particularly 
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recommended by the Academy to observers in the scientific 
expeditions to the north. 

I remarked on some passages in M. Baudrimont’s communi- 
cation to the Academy, which were irreconcilable with the 
laws of the polarisation of light ; as, for example, where there 
seemed to be questions of a polarisation in three planes. I sup- 
posed, however, that the confusion was only apparent, arising 
from a want of clearness in the expression. 

M. Baudrimont has complained of my remarks, and has said 
that his statement was positive to the effect that the light was 
polarised in three planes which intersected each other in a 
single point, adding, I care little for this not being in accord- 
ance with the known laws,” &c. 

Having on my part, also, observed the phenomenon atten- 
tively, I could not do otherwise than remark that the light 
analysed was in truth a compound of the light of the aurora, 
and of the partially polarised light, arriving at the eye at the 
same time from the regions of the atmosphere illuminated by 
the moon, and interposed between the aurora and the observer. 
The deduction which was drawn from the observations as they 
were given, — to the effect that the auroral light was polarised, 
— is not, therefore, authorised by them, since it is quite pos- 
sible that the polarised atmospheric light might be the sole 
cause of the phenomenon observed. If an observer were to 
tell me that on a day when the sky was nearly clear the light 
of the few detached clouds was polarised, I should ask him, in 
the same way, how he could distinguish this light from that of 
the strata of the atmosphere intervening between the cloud and 
the eye. 

M. Baudrimont, on seeing, during the movement of rotation 
of the polariscope, two series of bands, which, if they existed 
simultaneously, would intersect each other at right angles, be- 
lieved that this showed polarisation in two rectangular planes. 

1 must, therefore, tell him ' that the rays polarised in a single 
plane present precisely the same phenomenon. This is one of 
the elementary principles of optics, in regard to which no per- 
son is entitled to say, I care little.” 
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CHAP. XV. 

ON THE USEFULNESS OP CATALOGUES OF AURORAS. 

Mairan has proved that auroras are not always equally fre- 
quent, and that there are sometimes long intervals during which 
none are seen, not only in the temperate zone, but also in 
Sweden and Norway. According to the same author, these 
phenomena are at least twice as frequent when the earth is in 
its perihelion as when it is most distant from the sun. It may, 
at some time, be interesting to examine whether there is any 
connection between the cessations and renewals of auroras and 
of other natural phenomena; and for the sake of facilitating 
such researches, we have undertaken to draw up a catalogue of 
such appearances of the aurora borealis as shall have come to 
our knowledge ; using for this purpose the accounts of travellers 
and the intelligence given in scientific journals, and comparing 
them with the observations of the magnetic needle at Paris. 

[M. Arago has published a part of his catalogue in the 
Annales de Chimie ct de Physique ; ” but the larger portion 
of his remarks and observations is only to be found in the 
registers of the diurnal variations of the needle, from whence 
we have faithfully extracted them .] — French Editors, 


CHAP. XVI. 

CATALOGUE OF APPEARANCES OF THE AURORA BOREALIS FROM 

1818 TO 1848. 

§ 1. 1818. 

The only aurora borealis mentioned in the scientific journals of 
this year was observed on the 31st of October, between 7 and 
8 r. M., at Bishopweeurmouth, in Sunderland, by Mr. Kenney. 
In itself it presented nothing extraordinary, but it exercised 
on the magnetic needle in London, Paris, and at the Duke of 
Ragusa’s chateau at Chatillon sur Seine, a remarkable influence, 
which has been spoken of more fully in Chapter VIII. 
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§ 2. 1819. 

Febi'uary 1. ; 30 minutes after midnight. Although the sky 
was clouded, there were seen between the clouds, in the 
northern quarter, bright .white patches, evidently announcing 
the existence of aurora. The oscillations of the needle were as 
great as 10' 36". 

[Our observations of the diurnal variations of the needle 
having been interrupted from this period to February, 1820, 
we can only cite, for that interval, from other sources.] 

October 15., aurora observed in Suffolk. 

October 17. About 8 h. 50 m. P.M., a rather brilliant aurora 
was observed at Scathwaite in Cumberland, and in the vicinity 
of London. This aurora augmented the magnetic declination 
on the morning of October 17. about fifteen minutes. 

October 17. About 8h. 50 m. p.m., there was observed, at 
Newton Stewart, in England, a luminous phenomenon, which, 
from the description, must have been an aurora. 

I find in Colonel Beaufoy’s published observations, that on 
the same day the needle used for observing the diurnal variation 
in England was at a considerable distance from its usual 
position. 

The following is the catalogue of auroras observed during 
Captain Parry’s voyage : — 

20th of October, between six and eight, p.m. Aurora 
borealis forming a broad arch of irregular white light, extending 
from N.N.W. to S.S.E., the centre of the arch being 10® to 
the west of the zenith. It was most bright near the southern 
horizon. 

12th of November. At six p.m. the aurora was seen in a 
broken, irregular arch, about 6® high in the centre, extending 
from N.W. by N. to S. by W. 

13th of November, from eight p.m. till midnight, it was 


* [The appearances of the aurora which are here cited from Captain 
Parrj’s Narrative were all observed during the winter passed at Melville 
Island. The mean declination of the magnetic needle at Winter Harbour 
was 128® 48' east of north. Were it the fact that the centre or culminating 
point of auroral arches is always in the magnetic meridian, the arches 
observed at Winter Harbour ought always to have had their centre or cul- 
minating point either S.E. half E., or N.W. half W. But this was by no 
means the case.] — Ed. 



AUROBA BOREAtlS. 


433 


again seen in a similar manner from S.W. to S.E., the brightest 
part being in the centre, or due south. 

15th, 16th, and 18th of November, traces of aurora. 

26th of November|^n the morning, some vivid coruscations 
of the aurora borealis were observed from S. to N.W. 

14th of December, at six p.m., aurora borealis, forming two 
concentric arches, passing from the western horizon on each side 
of the zenith to within 20® of the opposite horizon. (No effect 
on the electrometer or the magnetic needle.) 

17th of December, in the morning, stationary faint light 
from S.W. to W.S.W. 

19th and 20th of December. On the 19th aurora appeared 
frequently at different hours of the day ; on the 20th in the 
N.W., which was more to the northward than usual. 

§ 3. 1820. 

Continuing our catalogue from Captain Parry’s Narrative, 
we have : — 

8th of January, at half-past five p.m., broken and irregular 
arch, 10® or 12® high in the centre, extending from N. by W* 
round by W. to S.S.E. 

11th of January, at eight A.M., faint coruscations of the 
aurora were observed to dart with inconceivable rapidity across 
the heavens from W.N.W to E.S.E., from horizon to horizon. 

14th of January, Mr. Howard, at Stratford (in England), 
observed, between eleven p.m. and midnight, a brilliant aurora 
borealis between N.W. and N. 

Captain Parry next records : — 

15th of January, the only very brilliant display of aurora 
observed during the whole winter. When first seen, the legs 
of the arch were nearly north and south of each other. The 
arch passed a little to the east of the zenith. 

3rd of February, at six p.m., faint aurora from S. to S.S.W. 
At Paris, variations of the needle of 2' 39". 

8th of February, in the evening, rather bright aurora. 
Variations at Paris of 5' 27". 

10th of February, at a quarter after six p.m., an arch 
extending from S.E. to N.W. by N. (This aurora lasted long, 
and was rather brilliant.) At Paris, deviation of the needle 
9' 12" 

At Paris, on the 9th of February, at eight in the evening, 

F F 
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frequent flashes of lightning were seen in the south ; in the 
west, thick black clouds; the rest of the sky very fine. At 
nine, the sky became generally overcast ; lightning less frequent 
but m^rc intense. At ten, lightning had^cased. In the south, 
west, and north, thick clouds, generally not rising more than 
30° above the horizon. From half-past nine there was seen in 
the north-west a rather vivid light round the margin of the 
cloud, quite distinct from that of the milky way on the left. 
This light varied in intensity every instant, and disappeared at 
the end of a quarter of an hour. Needle much agitated. It 
was only at a quarter after ten that I could get any tolerably 
certain observation. The variations were as much as 14' 39". 

11th of February. At half-past eight in the evening, a 
momentarily rather vivid aurora. At Paris, variation of the 
needle 19' 57". 

19th of February. At half-past ten in the evening, ratlicr 
vivid aurora. At Paris, variations 15', 54" 

8th of March. Faint aurora. At Paris, variations 23' 51". 

3rd of April. Mr. Scoresby obsei’ved the most brilliant 
aurora he had ever seen in his numerous voyages. {^Greenland 
Voy.f p. 17.) At Paris, variations 16' 41". 

2nd of October. Very faint aurora. At Paris, variation 
10' 55". 

3rd of October. An aurora more brilliant than usual ; light 
equal to that of the full moon. Captain Parry says, no action 
on the electrometer or magnetic needle. At Paris, variations 
8' 16". 

13th of October. Bright aurora. Arch from N.E. to W.S.W., 
so as to be nearly bisected by the magnetic meridian. At Paris, 
variations. 7' 1". 

— of November. Prom five to nine P. m., fine aurora ob- 
served at St. Petersburg. 

This phenomenon was not seen at Paris, and I do not know 
its' exact date ; but the needle in our observatory having been 
considerably out of its ordinary position during the whole of the 
14th of November, I am much inclined to suppose that this was 
the day on which the aurora was seen at St. Petersburg. The 
variatioiui of the declination at Paris were as much as 23' 33". 

Mr. Forster saw an aurora in England in the night from the 
4th to the 5th of December. (See his Treatise on Clouds.') At 
Paris, the changes of declination were 7' 20". 
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§ 4. 182L 

In this year, although the needle at Paris showed anomalous 
oscillations on the 24fh, 25th, and 26th of January; the 4th 
and 2 let of February; the 1st, 13 th, 26 th, and 30th of March ; 
the 15th of April; the 12th and 19th of May; the 22nd of 
June; and the 6th and 14th of July, I know of no observa- 
tions of aurora. 

Captain Parry observed an aurora on tife night of the 15th 
of August in Hudson’s Bay. He was then in 65® 28' N!, 
lat. and 50® 18' W. long, from Greenwich. It consisted of 
many luminous patches, having, when viewed together, a ten- 
dency to form an arch extending from S. S. E. to W.S.W. 
The pencils of rays shot up from this arch to the zenith. At 
times, the colour was a deep orange. At Paris, the variations 
of the declination needle were as much as between 16' and 17'* 

On the 25th of November, there were at Paris oscillations 
of 10' 17", but I do not find anywhere any indications of an 
aurora. 

On the 29th of December, towards midnight. Captain Lyon 
saw in Hudson’s Bay a brilliant aurora in the form of an arch, 
situated to the south, and directed from east to west. At 
Paris, the declination needle only varied 2' 30". 

§ 5. 1822-3. 

On the 13th of February, 1822, about eight in the evening. 
Sir George Mackenzie, in travelling between Nairn and Inver- 
ness, saw. In the north, a luminous arch 3® or 4° broad, and 
extending over about 60®. There were also traces of an arch, 
broader, less intense, concentric with the former, but of larger 
diameter. All remained in this state for some time; after 
which, a vivid light suddenly appeared in the east. Passing 
rapidly over the space occupied by the arches, it presented those 
fantastic appearances and wavings of light always seen in bril- 
liant auroras. It is stated positively that the summits of the 
arches were directly below the pole-star. This would be a very 
remarkable circumstance if it were a result of measurements 
taken with an instrument. At eleven, when Sir George Mac- 
kenzie left off observing, two luminous concentric arches were 
still visible. 

At this time displays of aurora borealis had become very 

F F 2 
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rare ; so much so, that the one above described is the only one 
mentioned in the scientific journals of the year (1822). I could 
not learn that it had been seen anywhere in France; but its 
effect on the magnetic needle was very sensible at Paris in the 
evening of the 13th, especially towards eleven o’clock. On 
the following day, the 14th of February, the march of the 
declination needle was, in the same way, sufficiently irregular 
to lead me to suppose that the phenomenon of the day before 
was repeated on tha^ evening. 

• On the 19th of February, at 8h, 45 m., the declination 
needle underwent a movement different from any which I ever 
remember to have seen in the course of my observations. The 
needle oscillated with great rapidity, and its movements, which 
were so considerable as to be seen by the naked eye, were prin- 
cipally in the north and south direction, or in the direction of 
the length of the needle. I do not see anything hut an earth- 
quake which can be supposed to have been the cause of tliis 
kind of effect. 

On the 15th of April, 1822, about half-past ten P.M,, 
Scoresby, whose vessel was in 65° N. lat. and 5° W. long, from 
Greenwich, saw an aurora, which commenced in the north, rose 
gradually to the zenith, and extended to the south, forming a 
continuous arch. A kind of corona was then formed in the 
zenith ; the light was equal to that of the full moon ; streamers 
of all colours darted from it with extreme rapidity. The most 
remarkable tints were blue, green, and red. At Paris the 
variations of the needle were as much as 14' 53." 

On the 13th of July, at a quarter before ten, there was in 
the direction of the magnetic meridian and near the horizon, a 
light, which appeared to me much stronger than twilight could 
be at that hour. Some clouds, low down, were sensibly tinged 
with red. At ten the light had almost entirely faded. The 
variations of the needle were as much as 10' 55". 

On the 24th of October, the needle varied 22' 18", and on 
the 17th of the same month 2' 40" [?]; but we did not learn 
any aurora being observed. 

During the year 1823 I did not observe any aurora at Paris; 
nor did I learn of any being observed elsewhere. My needle 
showed a variation of 12' 38" on the 20th of January, and 
11' 23" on the Jth of September. 
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§ 6. 1824. 

On the 21st of January, at half-past nine in the evening, 
at Leith, a luminous appearance resembling aurora 'was seen in 
the north. At Paris the variation was 5' 18". 

In the night of the 29 th of July Captain Lyon saw a faint 
aurora borealis. He was then near Hudson’s Bay. {Brief 
Narrative^ p. 16.) Variations at Paris 10' 8". 

On the 11th of August Captain Lyon saw an aurora in 
Hudson’s Bay ; it lasted several hours, and was mostly In the 
zenith : the light jpv^as very vivid, passing successively from the 
deepest purple to a light blue, to yellow, and to green. {Brief 
Narrative^ p. 35.) Variations at Paris 12' 56". 

On the 13th of August, at Paris, there was a variation of 
13' 15". Obtain Lyon saw no aurora that night, but the sky 
was only cl Jff for a few moments (pp. 43, 44.). 

On the morning of the 9th of Sej)tember a brilliant aurora 
was seen near Edinburgh. {Bretvster^s Journal, July, 1825, 
p. 55.) At Paris, variation 19' 57". 

On the same day, about midnight, a very brilliant aurora, but 
lasting only a short time, was observed in Hudson’s Bay. It 
had all the prismatic colours. {Capt Lyon, p. 91.) 

On the 29th of September a brilliant aurora was observed 
near Hudson’s Bay by Captain Lyon (p. 134.). At Paris the 
oscillations did not exceed 4' 41", but were very frequent. 

Captain Parry records an aurora borealis in the morning of 
the 17th. of November, about 45® above the horizon at Port 
Bowen. In the morning certainly means after midnight. This 
aurora appears to have disturbed the needle at Paris in the 
night from the 16th to the 17th, for, with numerous oscillations, 
the extreme deviation rose to 25' 25". 

On the 25th of November, at Port Bowen, in 88® 54' W 
long, from Greenwich, 73® 13' N. lat.*. Captain Parry mentions 
an aurora in the south, forming faint arches. Variation at 
Paris 4' 41". 

On the 26th of November the same observer saw, two hours 

[The mean declination of the needle at Port Bowen was 123° 22' W. 
of N. In reference to the forty-seven auroras seen at Port Bowen between 
October, 1824, and March, 1825, Captain Parry remarks, “upon the whole, 
the auroral arches seem to have been more frequently bisected by the plane 
of the magnetic, than by that of the true meridian.’*] — Editor, 

F r 3 
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after midnight, an aurora forming an irregular arch, from S.S.E. 
to N.W. by N. The arch was sometimes very brilliant, and 
streamers shot up from it towards the zenith. At Paris, varia- 
tions 6' 52". 

On the 27th of November Parry mentions a faint auroral 
arch E.S.E. to N.NiW. At Paris, at 7 A.M., variation 3' 17" 

On the 1st of December Parry saw a faint aurora in the 
morning. At Paris the variation was 15' 17". 

On the 8th of December the weather was clear at Port Bowen, 
yet no aurora is recorded in that day’s journal, although my 
register at Paris gives a variation of Ky 27". 

16th of December, at 7 A.M., an aurora*^^from E. S.E. to 
W.S.W. was seen at Port Bowen. It is not said that it was 
considerable. At Paris there was a variation of 2' 58". 

On the 28th, and on the morning of the 29th, the sky was 
clouded at Port Bowen, so that it was not possiljfe to see an 
aurora, supposing there to have been one in connection with the 
derangement of the magnetic needle, which was observed at 
Paris on the morning of the 29th, occasioning a variation of 
7' 29". 

On the 31st of December there was at Paris a variation of 
7' 1", but the sky was clouded at Port Bowen. 

§ 7. 1825. 

At this time auroras were scarcely ever seen in the latitude 
of Paris. We learn, however, from the narratives of Captains 
Parry and Franklin, that in the Arctic regions traces more or 
less vivid were seen almost every evening. 

The positive announcement that the phenomenon of the 
aurora had become much more rare than formerly was thus 
shown to have been either premature or expressed witli too 
great generality. All that could be inferred would be, that the 
aurora does not rise so high as in previous years, and only 
rarely attains the limits of our horizon. Yet even when the 
luminous bands, arches,, and streamers, of which auroras are 
composed, are not visible at a particular place, they exercise at 
it an evident influence on the position of the magnetic needle. 
A comparison of the journals of the two above-named celebrated 
navigators with our registers of magnetic observations at Paris 
will not leave a shadow of doubt in this respect. This singular 
connection certainly deserves to be studied under all its aspects } 
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blit perhaps assiduous re8earches> continued during many years, 
may be required before all its details can be rightly apprehended. 
It is therefore satisfactory to learn that exact observers, Messrs. 
Coldstream and Foggo, are stationed at Leith in Scotland, near 
the limit which the auroras now rarely outstrip, and that they 
keep a careful record of all the phenomena of this kind which 
appear above their horizon. Their observations will aid us in 
completing the knowledge whidb we obtain from other sources. 

On the 6 th of January the sky is marked as having been 
clear at Port Bowen ; but no aurora is recorded, although the 
variation at Paris rose to 11' 32".^ 

On the 7th of January, at Port Bowen, a brilliant aurora 
appeared at six v. M., and was seen, but only faintly, through 
the remainder of the evening. The variations at Paris were 
6' 32". 

On the 1 l*h of January, at Port Bowen, an aurora forming 
an arch from S.E. to N.W. is recorded; but the hour is not 
named, nor is it said whether it was brilliant. Variations at 
Paris 6' 33". 

On the 12th, at Pqft Bowen, a rather bright aurora was seen 
in the morning: variations at Paris 5' 18" 

On the 15th, 16th, 17th, and 18th, at Port Bowen, auroras 
frequently seen, having a marked tendeney to form ai’ches, gene- 
rally from S.E. to S.W. “ Sometimes observed to shoot out 
brilliant pencilled rays, and sometimes vivid coruscations 
towards the zenith.” At Paris, variations 9' 31". 

28th of January, faint aurora at Port Bowen. Variations at 
Paris 56". 

11 til of February, at Port Bowen, aurora seen at night. It 
is not said whether it was faint or bright. At Paris, variations 
15' 45". 

14th, 15th, 16th, and 17th, at Port Bowen, aurora was seen 
every morning. The journal says it was 4hint ; but I perceive 
that the sky was generally overcast ; therefore the real intensity 
of the aurora may have been considerable. At Paris, variations 
11' 14". 

22nd, 23rd, and 24th of February, at Port Bowen, aurora 
seen faintly. Only on the morning of the 23rd it took the 
form of a brilliant and well-defined arch, with numerous bright 
spots or patches, from which vivid coruscations shot towards the 
zenith. At Paris, variations 8' 53". 

r F 4 
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Captain Parry’s journal does not mention any aurora on the 
4th of March; yet the sky was clear at Port Bowen. At 
Paris there was a variation of 8' 53". 

On the 6th of March there was a variation of 11' 32" at 
Paris, but the sky was hazy at Port Bowen. 

On the 9th of March, at Port Bowen, there was a bright 
aurora in the south-west at night. At Paris, variations 7' 22". 

On the 12th, 13th, and 14th of March, at Port Bowen, aurora 
in the morning, forming a band of bright light parallel to the 
horizon, about 45® above it, and between W. N. W. and S. W. 
At Paris, variations amounted to 11' 4". 

On the 19th of March, the sky was overcast at Port Bowen, 
but was clear at Leith. At the latter place the wind was 
blowing strong from the south, when, at about eight P.M., there 
was seen in the northern horizon that faint light which is the 
first indication of an aurora. This light increased in strength 
until half-past nine ; then very bright ascending streamers began 
suddenly to appear, but they did not reach beyond 65® of altitude. 
They were usually white or yellowish, but occasionally there 
were momentarily some that were blue* and green. A little 
before ten o’clock the phenomenon became still more interest- 
ing ; an arch of brilliant white light appeared in the west, rose 
gradually, reached the zenith, passed beyond it, and went on to 
the east. At the zenith its breadth was about 7®, but at 5® or 
6® of altitude — below which limits scarcely any traces of it were 
seen — it terminated almost in a point at either extremity. The 
arch was stationary, and perfectly continuous for an entire hour ; 
only stars of the first and second magnitude could be seen 
through it. It then broke up in several places before it faded 
away. When it disappeared the ascending streamers, which 
had ceased at the moment of its formation, were again seen to 
dart upwards with renewed brilliancy. One hour after mid- 
night there remaine#no traces of the phenomenon. 

At Paris, on the same day, from noon to 1 h. 30 m. P. M., the 
horizontal needle departed suddenly and repeatedly from its 
usual position by nearly 5'. These irregular movements led 
me to suppose that an aurora would become visible at night; 
but although the sky was quite clear, nothing of the kind was 
seen. At six and at eight p. m. the needle was quiet and with- 
out oscillation ; nor had it deviated from its usual place at those 
hours ; but at half-past eleven (the very time when the aurora 
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seen at Leith had attained ite maximum of brilliancy) the de- 
clination had suddenly diminished more than 8', and the needle 
was oscillating in large arcs. .The extent of the entire diurnal 
variation on that day rose to 17' 35". 

The march of the same needle (that used for observing the 
diurnal variation) with which the preceding observations were 
made, seems to indicate that there were probably considerable 
auroras on the 30th and 3l8t of March and on the 1st of April. 
Probably clouds prevented Messrs. Foggo and Coldstream from 
observing them. Although the sky appears to have been toler- 
ably clear on those days at Port Bowen, Captain Parry’s Journal 
does not mention any aurora. 

I add, that no aurora is mentioned in Captain Parry’s Journal 
throughout the month of April ! 

Ought we to suppose that this meteor had suddenly ceased 
to appear ? My needle seems to say the, contrary. 

I would also point out the 26th of July, when I had a varia- 
tion of 34' 46". I have' not learned that any aurora was ob- 
served on that day. 

On the 17th of August, at 10 P.M., Messrs. Coldstream, and 
Foggo saw faint traces of aurora. ' 

I suspect that this was the end of a day aurora. I find that 
on the morning of the 17 th, from half-past eight to noon, the 
declination was constantly about 5' greater than the mean of 
the month at those hours ; while in the evening the needle had 
returned to its usual position. The total amount of variation 
was 12' 10". 

In this same month of August, the night of the 2l8t, the 
morning of the 22nd, the night of the 26th, and especially the 
night of the 29 th, presented great* anomalies in the march of 
the needle. Qn all tliose nights I believe the sky at Leith 
was clouded. If the observers farther to the north had fine 
weather, and yet saw no aurora on the night of the 29th of 
August, for example, we shall be obliged to admit' that there 
exist other causes, still unknown, which exel’cise a considerable 
influence on the march of the needle. However, auroras were 
seen in Norway in the latter part of August, and Mr. llanstcen 
thinka that their real dates were the 21st and 22nd. 

On the 26th, at forty- minutes past elnxen, an ^.urora was 
seen at Christiania. 

On the 10th of September a very fine aurora was observed 
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about ten in the evening at Leith. At the ^me hour the hori- 
zontal needle at Paris was ICY distant from its mean position. 
The whole variation was 15' 17". 

. The same day a brilliant aurora was observed at Christiania^ 
as we learn from Mr. Hansteen. 

On the 15th of September, in Davis Straits, lat. 69° 30', 
aurora in the south-east quarter, as a bright luminous patch, 
5° or 6° above the horizon, occasionally sending up vivid 
streamers towards the zenitL It appeared in the same manner 
on several subsequent nights in the south-west, west, and east 
quarters of the heavens. {Parry ^ p. 170.) At Paris, variation 
10' 36". 

On the 2pth of September, Captain Parry saw a bright auroral 
^ch pass across the zenith from S. E. to N. W. *, appearing to 
be very close to the ship,” and affording so strong a light as to 
throw the shadows of objects on deck. At Paris, variation 
9' 49". 

On the 24th of September, in lat. 58^° and long. 44^°, 
Captain Parry described detached masses, like luminous clouds 
of yellow or sulphur-coloured light, appearing in the east. 
At nine r. m. the light rose in a narrow band, passing 
through the zenith and descending again to the western horizon. 
Afterwards luminous streamers succeeded each other, darting 
with inconceivable velocity. The intensity of light, during the 
brightest part of the phenomenon which continued for three 
quarters of an hour, was scarcely inferior to that of the full 
moon; some parts of the aurora were greenish. At Paris, 
vju^ation 9' 33". 

On the 5th of October, Captain Parry notices that the sky 
was clouded, but yet, at times, as brightly illuminated by aurora 
as it would have been by the full moon, in similarly cloudy 
weather. At Paris, variation 11' 42". 

7th of October, in, the evening, inconsiderable aurora at 
Leith. (At Paris the observer was absent.) 

3rd of November, at Leith, aurora at eleven p. m. The north 
end of the needle at Paris was, at ten on the same evening, 
9' E. of its mean position* The entire variation was 15' 8". 

On the same day, Mr. Hansteen mentions an aurora at Bergen, 
in Norway* 

[Magnetic declination about W.] — Editor, 
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4lh of November, Leilb. In tbe evening very vivid and very 
numerous luminous streamers; they, however, only continued 
visible for a few minutes, and were not preceded or followed by 
the diffiised light near the horizon which usually accompanies 
the meteor. 

. On this day (4th of Nov.) the horizontal needle at Paris 
made sudden, rather considerable, and very numerous move- 
ments, from nine in the morning until two in the afternoon. In 
the evening it had nearly come back to its mean position. The 
total variation observed in the day was 9' 31", It would seem, 
therefore, as if the streamers seen by the Scotch observers were 
the last remains of an aurora which had taken place in the day- 
time. 

22nd of November, Leith. Very fine aurora seen for three 
hours, notwithstanding bright moonlight. The luminous stream- 
ers in shooting upwards reached the zenith. 

On this day, at Paris, the needle began to go beyond its 
usual limits at eleven at night ; and on the following morning, 
the 23rd, at 8 A. M., its north end was more than 3' to the west of 
its mean position. During the rest of the day its march was 
very irregular. The entire diurnal variation was 6' 24". 

On the same day (23rd of Nov.), Mr. Farquharson saw a 
.fine aurora at Alford, in Aberdeenshire, at half-past ten in the 
evening. {Phil. Trans. 1829, p. 106.) 

§ 8. 1826. 

In the December number of the Annales dc Chinue et de 
Physiq\ie for this year (2® serie, t. xxxiii. p. 421.), I inserted 
the following note, in which I have only modified what there 
may have been of harshness in the terms of my reply to those 
who had criticised me : — 

“ A luminous auroral arch was seen at Carlisle and in Rox- 
burghshire,|^n the 29th of April, 1826: the aurora was not 
seen at Gosport, although the sky there was clear. 

" At Paris, on the 29th of April, at 7 h. 50 m. P. M., the 
north end of the needle for observing diurnal variation was 
4' E. of its ordinary position ; at half-past eight it had 
returned back to the west by a sudden movement; at half- 
past eleven it had resumed, within half, a minute, its posi- 
tion at half-past eight. Long experience has taught me that 
these great oscillations, at_ hours when the needle is almost 
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always stationary, are a nearly certain indication of the ex- 
istence of an aurora. Therefore, notwithstanding all the pains 
which have been taken to throw doubt on this result, of which, 
be it said, in passing, I am myself far from disputing the 
strangeness, I venture to predicate that brilliant auroras will 
have been seen somewhere in the northern regions at the fol- 
lowing times : — 

^^On the 16th of January, 1826; on the 10th and 13th of 
February ; in the course of the day of the 9th of March ; on 
the morning and evening of the 23rd, and on the 29th of the 
same month; on the 9th and 13th of April; on the night from 
the 17th to the 18th; the 24th of the same month, &c. &c. 

If my critics are disinclined to wait patiently for the return 
of the voyagers from the North before pronouncing on the 
justness of my announcements, I would propose their making 
immediate inquiries from the masters of whalers, and from 
observers in the north of Scotland.’’ 

In the following year I was enabled to state that, as I had 
conjectured, an aurora had been ^een on the 29th of March, 
1826. The letter from the illustrious chemist, Dalton, in 
which this information was communicated to me, is so inte- 
resting, that I cannot refrain from giving it in full: — 

My dear Friend, 

Knowing the interest you take in all that relates to 
meteorology, I send you the result of an investigation which 
I have recently made on the height of auroras. 

A very remarkable aurora borealis was seen in the north 
of England and in Scotland on the 29th of March, 1826, 
between eight and ten in the evening. It had the form of a 
rainbow, and embraced in the sky the space comprised between 
the ihagnetic east and west. This arch remained almost com- 
pletely stationary for nearly an hour, or, at least, ^ movement 
in a north and south direction was quite insensible. 

The arch was seen on several points of a line of not less 
than 170 English miles in extent, in the direction of the mag- 
netic meridian; among other places, at Manchester and at 
Edinburgh. At the southern extremity of this line the cul-^ 
minating point of the arch appeared in the magnetic meridian, 
in the north, at an angular height of sixty degrees above the 
horizon. At tjie northern extremity of the line the culmi- 
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Bating point, being also in the magnetic meridian, was at an 
altitude of fifty-five degrees, but on the southern side. At 
some intemediate towns observers saw the culminating point 
in the zenith ; and -at others, either to the north or to tire south 
of the zenith, according to the latitude of the place. 

" According to these data, taken in combination, I have 
found the vertical height of the arch to have been 100 English 
miles, its breadth 8 or 9 miles, and its visible extent from east 
to west upwards of 500 miles. 

“ Manchester, 22nd November, 1827.” 

I must own, however, that I have not received a similar 
confirmation of all my announcements. I have been enabled to 
draw up the following list of auroras, and to compare it with 
my observations. 

On the 5 th of January an aurora was seen at Konigsberg, in 
the night. (Letter from Mr. Kupffer.) This aurora was also 
seen at Leith, from as early as seven in the evening, through 
openings in. the clouds. Mr. Coldstream thought that there 
was also a wide and very luminous arch 25° south of the zenith. 
(Edinb. Journ, of Science, vol. v. p. 190.) Variations at Paris, 
9' 31". 

On the 16 th of January an aurora was seen at Leith, be- 
tween one and two in the morning. {Edinb, Journ, of Science, 
vol. v. p. 190.) At Paris, the extent of the variation was 
14' 2". 

On the 11th of February, aurora said to be seen at Leith in 
the course of the evening. {Edinb, Journ, of Science, vol. v.) 
May it not have really been the 10th when this aurora was 
seen? On that day the oscillations of my declination needle 
were frequent, and the entire amplitude of the variation was 
7' 1". On the next day, the 11th, the variation was only 
4' 41". 

29th of March. The details ^ven by Dalton respecting the 
aurora on this day have been seeij|pbove. At Paris, the extent 
of the variation was 29'. 


§ 9. 1827. 

On- the 9th of January, Mr. Marshal saw at Eendal a brilliant 
aurora. 

On this day, the march of the needle at Paqp was very irre- 
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golar. As early as two in the afternoon the north end. of the 
needle was 4' 30" more to the west than usual ; the deviation 
continued to be in the same direction until half-past seven; 
but, at five minutes after eleven, the decimation was, on the 
contrary, 3' 30" more easterly than on preceding days. The 
diurnal variation was 10' 46'' 

The dipping needle also made irregular oscillations ; it varied 
5' 9". 

The sky was completely clouded. 

On either the 13th or the 18th of January, about six p.m., a 
luminous arch, situated- in the magnetic meridian, and to the 
north of the zenith, was seen at Gosport. It increased gra- 
dually in extent and brightness ; after half-past nine its base 
subtended more than 90°. Streamers, or pencils, of pale red 
light rose successively from different parts of the arch where 
considerable accumulations of Imninous matter had momentarily 
formed. Many of these pencils or columns reached an altitude 
of 48“. At half-past eleven, the phenomenon could still be 
seen through breaks in the clouds. On the following days 
nothing was seen. 

I find the two above-named dates (13th and 18th) in the 
same number of the Philosophical Magazine, from which I have 
taken the above. If the first date, the 13 th, were the correct 
one, it would follow, that the aurora did not sensibly affect the 
march of the needle at Paris; but if, as I suppose, the 18th be 
the true reading, then the influence was very great ; and contrary' 
to what usually happens, the disturbing effect was first to carry 
the north end of the needle more to the westward. At half- 
past ^ in the evening the declination was 3' greater than its 
ordinary amount, and a quarter of an hour later it had increased 
1^' more ; at a quarter before twelve, on the contrary, I found 
it 14' less than on preceding days ; but in the course of the 
next five minutes, or between llh. 45m. and llh. 50m., the 
needle moved 21' to the west. The sky was clear. 

The other days in the i^puth of January, 1827, on which 
the magnetic needle showed a sensible derangement in its 
march were, — Thursday, the 4th (particularly in the morning, 
and about noon) ; Thursday, the 25th, the whole evening from 
six o’clock; and Tuesday, the 30th, in the evening. On the 
last-named day, I find t^t Dr. Fielder saw an aurora in Nor- 
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way. T^ie variation of the declination at Paris was 12' 47" ; 
that of the inclination rose to 11' 1". 

On the 17th of February, at eight P. M. "ftt Gosport, according 
to Mri Burney, a bright light was seen in the north ; it occupied 
20° on either side of the magnetic meridian. Luminous columns 
rose vertically, from time to time, from some clouds which 
formed here and there. At eleven the phenomenon was suddenly 
concealed by a heavy fall of snow. 

On this day, at Paris, the declination needle presented 
nothing remarkable in the morning, or until a quarter after one 
in the afternoon, when the north, end was 5' to the east of its 
usual position. The variation in the day was 9' 12". The sky 
was clear. 

I consider that there is reason to believe, that in this month 
of February there were auroras on the- 3rd, beginning at noon ; 
on the 4th, especially in the morning; on the 18th, in the 
evening; and on the 19th, about noon. 

In March the needle did not experience any great perturba- 
tions. The evening of the 8 th, the morning of the 9th, a 
quarter after nine on the evening of the 13 th, about noon on 
the 22nd, and at half-past nine in the evening of the 30th, 
are the only times when it was 2' or 3' out of its usual 
position. 

I have no doubt that the observers in the north saw several 
auroras in the month of April. The days on which the needle 
was most disturbed were the 5th, about noon, the 6th, 7th, 
22nd, and 24th. There were also sensible deviations on the 
12th and the 13th. 

If I thought it desirable to continue this enumeration, I 
should also say that I believe there were auroras on the 2nd 
and 16th of May ; but I prefer reverting to those appearances 
of the meteor which were actually witnessed, and which have 
come to my knowledge. 

On the evening of the 27th of August an aurora was seen at 
Perth. The coruscations were veyy rapid, and, at one moment, 
overspread almost the entire sky. 

On the evening of the same day an aurora was seen at New 
York, Washington, &c. 

At Paris, on this day (27th), at Ih. 6m. P.M., I found the 
north end of the needle 10' to the west of its usual position, 
and it moreover underwent irregular oscillations. At half- 
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past nine in the evening the declination was, on the contrary, 
about 8' less' than on preceding days at the same hour ; the sky 
was very cloudy. ®be diurnal variation of the declination was 
on this day as much as 27' 8". 

On the evening of the 28th of August an aurora was seen 
in Koxburghshire. 

A brilliant aurora was also observed on the evening of the 
same day in the United States, and was still visible at sunrise. 
At ten in the evening two concentric arches were remarked. 

At Paris, on this day (the 28th), at one p. m., the declination 
of the needle was 6' greater than its usual position on other 
days. In the evening it was unfortunately only observed once ; 
this was at eleven, when the declination appeared to be 3' less 
than usual. Next morning (the 29th), at nine o’cloek, the 
north end of the needle was 12' to the west of its usual posi- 
tion. At a quarter to ten a further change of 4' in the same 
direction had taken place, and the needle now made con- 
siderable oscillations, vibrating in arcs of more than 8', In the 
evening all was again as usual. 

The dipping-needle showed similar influences. During the 
morning of the 29th the inclination was nearly 6' greater than 
on the preceding and following days. In the intensity, also, 
there was a variation of 5" in the duration of 500 vibrations. 

Auroras were observed over a great part of the United States 
on the nights of the 27th, 28th, 29th, and 31st of August, 
1827. 

I subjoin some extracts from the description of these phe- 
nomena -given by a New York observer, in the Commercial 
Advertiser ; — 

On Monday, the 27th of August, a few minutes after the 
moon had set, a considerable light was seen in the northern 
part of. the heavens, as if from the reflection of a great fire. 
Soon afterwards there was seen a luminous arch, a little above 
the horizon; the centre of the arch was nearly under the 
pole-star. The whole interior of the arch appeared as if occu- 
pied by a thick cloud : bright patches formed from time to time 
at diflerent parts of its contour; from these darted a great 
number of bright streamers, which underwent .-a very rapid 
horizontal or lateral movement from east to west. Later in 
the night the vertical coliunns of light appeared quite stationary. 
The phenomenon had not ceased when the sun rose. 
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We have seen that this same aurora was observed at Perth, 
in Scotland, and that it occasioned considerable perturbation in 
the magnetic needle at Paris. 

On the 28th of August, at half-past nine in the evening, 
there were in the north two concentric arches, a few degrees 
from each other. The pole-star was in the vertical plane of 
their culminating points. The upper arch rose gradually higher 
above the horizon of New York; reached the zenith, where it 
appeared to remain stationary for some time, passed beyond it 
about eleven o’clock, and then broke up and disappeared. 
Vertical columns of light, having rather a rapid movement of 
translation, carrying them from east to west, showed themselves 
several times below the great arch .of which we have been 
speaking. 

The interior of the lower and smaller arch was occupied, as 
on the preceding night, by what looked like a thick vapour. 
At eleven, a large black cloud, driven by a N. W. wind, passed 
over the luminous border. The observer thought that the cloud 
and the arch mutually influenced each other. He says, that 
the parts which came near together appeared in a state of great 
agitation. At eleven o’clock a considerable number of lumi- 
nous pencils appeared to dart from different parts of the arch. 
Lastly, from time to time, the whole space up to the pole-star 
was momentarily overspread by a very vivid light, similar to 
that of sheet, or heat, lightnings. 

We have already said that this aurora was seen in England, 
and that at the same time the horizontal and inclination needles 
were much disturbed. 

On the following day (the 29th) the author of the account of 
which the substance has just been given, remarked a great arch 
of vapour extending from the S. W. to the N. E. He adds, 
that for several days thte clouds almost constantly arranged 
themselves into long bands extending between opposite points 
of the horizon. He also says that the brilliant aurora described 
by him was not accompanied by any sound, and he was himself 
persuaded that no such sounds ever occur. On the other hand, 

I find on this subject in No. 1., Yol. XIV., April, 1828, of the 
‘^American Journal of Science,” statements to the following 
effect. 

At Rochester, during the auroras In August, 1827, there 
were distinctly heard reports similar to those which result from 
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the discharge of an electric battery. The observer in the 
County of St. Laurence states positively that he heard such 
reports, especially when the luminous bundles of rays were 
most agitated. The physicists of New Haverf and of Yale 
College also speak of the sound produced by the aurora. 

Amidst these contradictory accounts it seems difficult to know 
what opinion to adopt. I am well aware that it may seem that 
positive evidence should outweigh a large amount of negative 
evidence : but if this view be taken, how can we explain that in 
the winters past by Captains Parry and Franklin, in the very 
focus of auroras, nothing should ever have been heard ? 

On Saturday, the 8th of September, M. Heron de Villefosse, 
Member of the Academy, saw at St. Cloud, at half-past eight 
in the evening, an aurora in the north-west : the sky was clear 
and the moon shone brightly. 

On the same day (the 8th) a very notable disturbance in the 
needle for diurnal variation was remarked at Paris as early as 
noon, when the north end was 13' to the west of its ordinary place. 
At 19*”, the declination was 19' higher than at the same hour 
on preceding days. Throughout the rest of the day the needle 
was much agitated, and the perturbing cause always carried the 
north end to the west. It was only in the evening, at a quarter 
after nine, that a deviation in the opposite direction, or towards 
the east, was observed. 

Persons who may still doubt the influence exercised by 
auroras, Avill certainly change their opinion when they sec the 
subjoined series of observations made fit Paris on the 8th of 
September. 

Declination. 

. 22 « 9 ' 2"-8 

- 22 33 59 *5 

- 22 33 12 *7 

- 22 35 42 -4 

- 22 35 39 *6 

- 22 35 39 -6 

- 22 37 31 -8 

- 22 39 5 ‘3 

- 22 39 33 *8 

- 22 40 15 -4 

- 22 38 55 *9 

- 22 38 37 -2 

- 22 39 38 *1 

- 22 38 4 


Hour. 

7h. 16ni. 

Noon 
„ 20 - 
„ 30 ■ 

„ 40 - 

„ 45 - 

„ 50 - 

„ 53 - 

„ 57 - 

1 0 - 
4 - 

„ 7 - 

11 - 
14 - 


71 
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Hour. Declination. 


Ih. 

16uu 

- 

- 

- 

22® 

38' 

18"-6 


19 - 


- 

- 

22 

40 

38 -9 

■»» 

22 - 

- 

- 

- 

22 

39 

33 -4 


24 - 

- 

- 

- 

22 

40 

43 *6 


28 - 

- 

- 

- 

22 

40 

15 -5 

11 

31 - 

- 

- 

• 

22 

40 

10 *8 

11 

35 - 

- 

- 

- 

22 

39 

47 *4 

11 

37 . 

- 

- 

- 

22 

38 

41 *9 

n 

40 - 

- 

- 

- 

22 

37 

33 .9 

11 

43 - 

- 

- 

- 

22 

36 

23 -8 

11 

45 - 

- 

- 

- 

22 


19 1 

i» 

50 - 

- 

- 

- 

22 

34 

36 -2 

11 

55 - 

- 

- 

- 

22 

32 

1 -9 

11 

57 - 

- 

- 

- 

22 

32 

34 6 

2 

0 - 

- 

- 

- 

22 

31 

38 *9 

11 

4 - 

- 

- 

- 

22 

29 

51 *3 

n 

8 - 

- 

- 

- 

22 

30 

5 -6 

i> 

12 - 

- 

- 

- 

22 

29 

14 -7 

n 

15 - 

- 

- 

- 

22 

17 

41 *2 

n 

20 - 

- 

- 

- 

22 

18 

18 *6 

11 

25 - 

- 

• 

- 

22 

17 

22 5 

n 

30 - 

- 

- 

- 

22 

14 

10 -7 

11 

35 - 

- 

- 

- 

22 

14 

43 *5 

11 

40 . 

- 

- 

- 

22 

15 

20 -9 

11 

45 - 

- 

- 

- 

22 

14 

15 *4 

n 

50 - 

- 

- 

- 

22 

14 

52 -8 

11 

50 - 

- 

- 

- 

22 

17 

56 -5 

3 

0 - 

- 

- 

- 

22 

18 

56 *0 

11 

4 *• 

- 

- 

- 

22 

19 

24 -1 

11 

7 - 

- 

- 

- 

22 

20 

1 -5 

11 

11*5 

- 

- 

- 

22 

21 

7 0 

11 

13 - 

- 

- 

- 

22 

22 

3 0 

»» 

15 - 

- 

« 

- 

22 

22 

54 -5 

11 

19 - 

- 

- 

- 

22 

21 

7 0 

11 

24 - 

- 

- 

- 

22 

22 

54 -5 


The needle scarcely vibrated at all ; at each change it was 
seen to quit its position without any return in the opposite 
direction^ 



Hour, 





Declination, 

3h. 

. 28m. 

- 

- 

- 

22' 

> 21' 

55- 

11 

33 - 

- 

- 

- 

22 

21 

8 

11 

37 - 

- 

- 

- 

22 

20 

31 

11 

44 - 

- 

- 

- 

22 

20 

55 

11 

50 - 

- 

- 

- 

22 

20 

41 

11 

55 - 

- 

- 

- 

22 

20 

31 

4 

0 - 

- 

- 

- 

22 

20 

41 

11 

5 - 

- 

- 

- 

22 

21 

23 

11 

50 - 

- 

- 

- 

22 

16 

37 

fi 

55 - 

- 

• • 

- 

22 

15 

51 

5 

0 - 

- 


- 

22 

19 

45 

11 

5 • 

- 

• 

. 

22 

18 

20 

11 

10 - 

- 

- 

- 

22 

14 

40 


o G 2 



452 


METEOROLOGICAL ^ESSAYS. 


^ 5h. 

Hour, 

13 m . 

Declination. 

- 22 ° 22 ' 17"-9 

»» 

15 . 

- 22 19 

10 '8 

6 

0 . 

- 22 14 

58 *2 

»> 

15 - 

- 22 12 

57 -7 

9 

15 - 

- 22 5 

8 -9 


30 - 

- 22 9 

12 *2 , 

The inclination needle 

showed the following variations : 

Hour. 

7 b . 20 m . A. M. 

Inclination. 

. 68 ^ 56'*5 

1 

22 p. M. 

. 68 

57 *2 

n 

40 

- 68 

57 -8 

2 

42 

- 68 

55 5 

3 

0 

- 68 

54-1 

5 

0 

- 68 

58-0 

n 

5 

- 68 

59 -2 

6 

15 

- 68 

58 *8 

9 

20 

. 68 

54 -8 


Thus the extent of the variations of the declination amounted 
to 35' 36", and of those of the inclination to 5'*1. 

On the 9th of September a brilliant aurora was seen in Eng- 
land. The morning had been rainy ; the wind blew from the 
north-east. A little before noon the wind changed to west, the 
clouds in the north-west dispersed, and the part of the sky 
M^hich was now clear took the shape of a perfectly well defined 
segment of a circle which rose gradually to 20° altitude. 
Beyond this the sky continued overcast; in the semicircular 
zone of blue sky there were seen from time to time flashes of a 
faint whitish light. In the evening, between 9 and 10, a very 
brilliant aurora was seen. The unknown author of the above 
notice does not doubt that the phenomena seen in the morning 
were intimately connected with the aurora which showed itself 
in the evening. (^Journal of the Royal Institution, January 
1828, p. 489.) 

The aurora of the 9th of September was seen by Mr. 
Farquharson, in Aberdeenshire, at eleven in the evening. 
{Phil. Trans. 1829, p. 107.) 

The needle for diurnal variation at Paris was considerably 
disturbed both in the morning and evening, and also in the 
afternoon of this day. For example, between half-past one 
and two the declination diminished nearly 7'; at a quarter 
after six it was about 12' less than usual. • ' > 

The extent of the diurnal variation of the declination rose on 
this day to 21' 60"; that of the inclination was 2'. 
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On the 25th of September, the needle, which throughout the 
day had presented nothing remarkable, being very sensibly 
disturbed at half-past nine in the evening, I was led to con- 
jecture that there would probably be an aurora somewhere. 
Soon afterwards I saw luminous clouds dispersed here and 
there between N.N.W. and N.E. ; they were not always 
equally bright, sometimes they appeared to light up, and in 
another instant entirely disappeared. Once, these scattered lumi- 
nosities united, and formed for a few minutes a continuous arch, 
but little raised above the horizon, and having its culminating 
point, so far as could be judged, about twenty degrees from the 
geographical meridian, that is to say, very near the magnetic 
meridian. 

The same phenomenon was seen at Havre; Ostend, in 
Belgium; Aarau and Zurich, in Switzerland; Gosport and 
Kendal, in England ; in Denmark, and in Sweden ; and Pro- 
fessor Cleveland observed it at Brunswick in the United States. 
The Ostend observer said that the aurora began to appear at 
eleven, that it still continued at midnight, and that its light 
reached to the zenith. Mr. Forster, in England, said that he 
had never seen distant objects so clearly by the light of the full 
moon as by that of the aurora of the 25th of September. 

Professor Cleveland stated that the auroral arch was very 
bright, that it was situated to the south, and that its greatest 
height above the southern horizon was only about 35®. Lumi- 
nous bundles of rays rose from different parts of the arch towards 
the zenith. During this time there was absolutely no light 
either in the north or in the north-cast. Only, at an altitude 
of 45®, there were seen some very faintly luminous streamers. 

M. Valenciennes saw this aurora between Arras and Doulens. 
His attention was particularly directed to a luminous sheet of 
a very bright crimson tint, just above a luminous whitish seg- 
ment on the verge of the horizon, about the north-west quarter. 
He also remarked several vertical rays of a golden yellow. 

My learned confrere has given me the following notice on the 
subject : — 

I was going from Arras to Doulens, in a direction nearly 
from east to west. The meteor was before me, a little to my 
right, therefore cibout W.N.W. About nine in the evening, 
the sky being cloudy, I saw several bright points, which I took 
for flashes of lightning. Near ten o’clock the sky cleared ; and 
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the meteor thus becoming visible, I soon recognised an aurora 
borealis. I saw at a height of ten or fifteen degrees a rather 
vivid white light extending for some distance along the horizon. 
Above this there extended a sheet of bright crimson of varying 
intensity. It seemed as if there were two luminous foci or 
regions, which spread until they became united, and took a 
deeper crimson tinge the more they blended. There then 
rose, from low down on the horizon, three or four bundles 
of rays of a more golden colour. These seemed to dart across 
and divide the sheet of red light ; both they and it seemed to 
fade, and then the crimson gradually recovered its intensity, 
and then faded again, after having been traversed by fresh 
beams. These beams rose to 30° or 36° above the horizon. 
The phenomenon lasted until a quarter to twelve. I never saw 
anything in the heavens so beautiful. It was a magnificent 
spectacle. Tlic white light near the horizon continued after the 
rest of the display had ceased, and gave so much light that, as 
there was no moon, the postilions said they could not at all 
understand what it could be. They had supposed it to be the 
light from some place on fire. 

As we ascended the hill of Doulcns the heavens were of 
enchanting serenity and beauty. The north-west horizon, illu- 
minated by an uncertain light, which a little dimmed the stars, 
contrasted beautifully with the brilliancy of the constellations 
in the east. Orion was especially admirable.” 

On this day, the 25th of September, the needle for diurnal 
variation at the Paris observatory had followed its regular 
march from the morning to eight in the evening ; after which 
it became disturbed. At nine, I found the declination 7' less 
than on preceding nights ; ten minutes later it had moved 7' to 
the westward. This was succeeded by a movement to the east, 
80 that at a quarter-past ten the north point had moved 14' 
nearer the geographical meridian. It then moved progressively 
in the other direction ; and at half-past ten the declination was 
12' higher than that which I had observed a quarter of an 
hour before. 

The changes in the direction of the needle in the vertical 
plane were no less interesting ; for instance, the inclination was 
7' greater at a quarter after ten than at half-past nine. I pre- 
sented my observations to the Bureau des Longitudes the next 
day ; and their proch verbal for that day contains the following 
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note: — M. 'Arago observed an aurora borealis last night. 
The irregular displacement of the needle for diurnal variation 
had announced to him the phenomenon in the evening.” 

On the 6th of October a brilliant aurora was seen in several 
parts pf Britain; among others, at Manchester and in Box- 
burghshire, notwithstanding the light of the moon. 

At Paris on that day (the 6th), the needle presented nothing 
remarkable in its march during the day ; but at eight in the 
evening a sensible diminution of declination showed that it was 
expedient to multiply observations. I therefore began to note 
the jiosition of the needle every five minutes, and continued to 
do so until past eleven. The displacements were exceedingly 
irregular, but there was no difficulty in observing, for the 
needle scarcely oscillated. At eight o’clock the declination had 
been smaller than usual ; at twenty minutes after ten it had 
increased 8'; five minutes later it had decreased by that 
amount. At thirty-five minutes past ten I found a declination 
18' less than usual; afterwards it repeatedly augmented and 
diminished, but without ever coming up to the values of the 
preceding days. 

At twelve minutes past eleven, when the declination was 
least, its anomalous diminution was more than 20'. 

The declination needle also underwent sensible displacements 
on the same day (the 6th of October), between eiglit o’clock 
and twenty-four minutes past ten. Observations which I made 
on the vibrations of a horizontal needle, when j)roperly cor- 
rected for the eftect ol‘ changes of inclination, proved that the 
magnetic intensity also undergoes variations during auroras. 

The observations of the evening compared with those of the 
morning showed in the intensity of the magnetic force, as deter- 
mined with a horizontal needle, changes which tvere not due to 
a change of inclination. Wc found: 


Time. 
h. m. 

Time of 300 Vibrations, 
m. s. 

Tempera! ure. 

Inclination. 

8 

55 A. M. 

11 50*33 

18°-!) (cent.) 

'68° 34'"2 

6 

0 r. M. 

11 50*11 

190.9 » 

68“ 35'-0 

7 

54 r. M. 

11 50*23 

190.8 « 

68“ 36'-5 


The first number (11m. 50 s. *33), both on the account of 
temperature and on that of the inclination, ought to be less 
than the third (11 m. 50 s. -23). On account of the inclination 
alone the difference should 0 s. *63 ; it is 0 s. '10 in the oppo- 
site direction. 
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The horizontal needle only began to be disturbed at night : 
the sky was perfectly clear, but Ae moon was very bright, and 
the north-west horizon a little hazy. During the entire even- 
ing I sought in vain to discover any traces of aurora ; and yet 
the aurora observed that night in England was cited as having 
been one of great brilliancy. 

Without the combination of these three circumstances, I 
should not, as I have already smd, have been able to deduce 
legitimately from the above-mentioned observations the infer- 
ence, that the aurora seen at Manchester, although it remained 
below the horizon of Paris, yet deranged the needle there. 

On the 17th of October, Mr. Burney saw a faint aurora at 
Gosport. 

On this day (17th October) the hoiizontal needle at Paris 
began, between one and two in the afternoon, to show some 
slight anomalies ; but in the evening, ten minutes before ten, 
the derangement became enormous, tlie declination being then 
24' less than that observed at the same hour on preceding days. 
In the course of the next fifty minutes, the needle went back 
(?. e., the declination increased) 19'. The whole amplitude of 
the diurnal variation on that day rose to 36' 10"; and that of 
the inclination to 2''1. 

I learn, by the English journals, that auroras were seen in 
Roxburghshire on the 18th and 19th of November. Ac- 
cording to Mr. Burney, the aurora of the 18th, the le.ast faint 
of the two, did not rise more than 5° above the horizon of 
Gosport. 

On the 18th the needle at Paris was disturbed, especially in 
the afternoon. On the 19 th, at eleven at night, the declination 
was less than on other days, at the same hour, by 8'. 

Hitherto scientific Journals have not announced any aurora 
borealis for the month of December, 1827 ; yet, from the in- 
dications given by the magnetic needle, I venture to predict 
that observers in the north will have seen auroras on Saturday 
the 29th, and Sunday the 30th. 

§ 10. 1828. 

On the 18th, 19th, and 20th of January an aurora was seen 
at Franklin, Hartwick, Albany, and Auburn, in the United 
States. 
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The horizontal needle was considerably disturbed, at Paris, 
on the 17th and 18th, and a little so on the morning of the 
19th. The ranges of the diurnal variation of the declination 
on those days were re^ectively 10' 25", 16' 13", and 4' 50". 

On the 3rd and 19m of February, auroras were observed at 
Utica, in the United States. 

On the 3rd, the needle, at Paris, was only observed once in 
the course of the evening ; therefore we cannot say whether it 
was disturbed. The diurnal variation was 6' 40". 

On the 19th, only a very slight perturbation was observed 
(variation 6' 14") ; but on the 20th, the disturbance was at its 
maximum, nearly 20', and very variable ; the whole extent of 
the diurnal variation on that day reached 36' 19". 

On the 11th and 12th of April, auroras were seen at Hart- 
wick (U. S.). No indications of these phenomena appeared at 
Paris ; probably the auroras were inconsiderable. 

I received from Montmorillon a letter signed Gotteland, in- 
forming me that, on the 5th of July, 1828, about ten in the 
evening, luminous masses of different shapes, about the same 
apparent magnitude as the sun, were repeatedly seen darting 
upwards from the horizon to the height of about two or three 
degrees, and disappearing again. This happened nine times in 
half an hour. 

This vague description would scarcely have sufficed to lead 
me to conjecture, that the phenomenon seen at Montmorillon 
was an aurora, if the needle at Paris had not been rather dis- 
turbed on the evening of the 5th and the morning of the 6th of 
July; the variations on those days were 7' 29", and 11' 51". 

The disturbance manifested itself as early as noon on the 
5th ; but, contrary to what more usually happens in disturb- 
ances taking place in the day time, the declination was sensibly 
below its ordinary amount. In the evening, at a quarter to ten, 
I also found the declination less than at the same hour on the 
preceding and following days ; but, during times of aurora, this 
is the usual direction of the derangement of the needle in the 
evening. 

I have since found that, on the 5th, an aurora was seen at 
Albany, at Dutchess, at Lowville, St. Lawrence and Utica 
(United States). 

On the 14th of August ^n aurora was seen at Clinton in the 
United States. 
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On the 14th, at half-past ten, the declination at Paris was 
notably less than at the same hour on the preceding days. 

On the 16th of August a fine aurora was seen at Cambridge, 
at Lowville, and at Utica (U. S.). A J^jrilliant arch was seen 
for some time. 

On the same day (the 16th) at Paris, the declination was 
notably greater than usual in the morning and at noon, while in 
tlie evening, on the contrary, it was several minutes less than 
usual. The amplitude of the whole variation was 17' 9'^. 

On the 8th of September, at St. Lawrence, half the sky was 
lit up by very luminous streamers, which rose almost to the 
zenith. 

On this day (the 8th), the needle began to be disturbed in 
the afternoon, and, as is usually the effect at this part of the 
day, the disturbance had increased the declination. In the 
evening, on the contrary, and agreeably to what is, also, an 
almost general law, tlic declination was less than its ordinary 
amount at the same hour ; whereas on the next morning it had 
again become higher than the ordinary amount by 7'. The 
variation in the day rose to 23' 23". 

On the 12th of September, an aurora was again seen at Utica. 
The march of the needle at Paris, on that evening, did not 
present anything remarkable. 

On the 15th of September, at Edinburgh, about nine in the 
evening, a luminous ray was seen to rise from the west horizon 
towards the zenith, and soon fonned an arch of great beauty. 
On drawing it upon a globe, it was found that the plane of the 
arch was perjiendicular to the magnetic meridian. At seven- 
teen minutes after nine, the arch ‘passed over the zenith of 
Edinburgh. It had a slow and gradual movement towards 
the south; its lowest portions were the most brilliant. Its 
breadth, at the zenith, was about 5^^ or 6°. 

At Islay House (in Scotland), about ten minutes before nine, 
the aurora formed a luminous arch extending from S.E. to 
N.W. Its lower extremities were much less broad than the 
higher parts. Faint rays darted from it towards the south-west. 
The arch remained stationary. 

Throughout the time during which this appearance lasted 
there was a brilliant aurora in the south-east — sometimes red, 
sometimes yellow, and sometimes pale green. {Edinh. Journal 
of Science, No. XIX., p. 177.) 
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On Monday the 15th of September, the diurnal variation 
needle at Paris presented no derangement' desci’ving of notice. 
On the preceding Monday (the 8th of September), on the con- 
trary, it had, as already noticed, much exceeded its usual limits. 
It might "be useful to examine whether there may not have 
been a mistake in the date. 

On the 26th of September, an aurora was seen at Albany, 
Auburn, Lowville, Clinton, &c. (U. S.). 

On the 26th of September, at 10 p.m., the declination at 
Paris was 9' less than usual. The variation in the day was 
16' 31". 

On the 27th of September, an aurora seen at Cambridge in 
the United States was not indicated by anything in the march 
of the needle at Paris, where the variation in the course of the 

. i 

day was only 7' 47". 

Messrs. Kater and Moll report that they saw on the 29th of 
September, at 8 h. 35 in. mean time, a luminous zone extending 
from E.N.E. to a little south of west. Its extremities went 
down to the horizon on both sides. Its lights was white, very 
nearly uniform, and of an intensity very superior to that of 
the milky-way. Its breadth appeared to them to be about 
3° 45'. The edges were perfectly well defined, and the margin 
as bright as the centre. The stars were seen distinctly 
through it. 

The height of the culminating point of the arch was 72°. 
Taking this result in combination with the points of intersec- 
tion with the horizon, Mr. Kater finds that the plane of the 
arch was perpendicular to the magnetic meridian, and that it 
formed with the horizon an angle equal to the inclination of the 
magnetic needle. At 8 h. 42 m. mean time, the light began to 
fiidc on the eastern side ; at 9 h. 22 m. no trace of it remained. 
During the whole time that it continued visible, the arch 
remained very quiet. No streamers darted from it. The 
weather Avas magnificent. The Avind blew from the south-east. 
Chesficld Lodge, where these observations were made, is in 
51° 56' latitude. 

This same phenomenon of the 29th of Sejitember has been 
described, by Mr. T. Forster, of Boreham, in Essex, as an 
appearance of the zodiacal light. Near eight o’clock that 
observer did not see the whole arch, but only that part of its 
light Avhich extended from the Avesterii horizon to the zenith, or 
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a very little beyond it ; the rest of the arch was scarcely dis- 
cernible. At half-past eight, and a little to the south of west 
south west, the luminous zone commenced abruptly at a height 
of 5° above the horizon, and continued to witliin 5® of the 
zenith, so that its total length was only about 90°, (At this 
same time, Mr. Kater saw the arch quite entire.) Mr, Forster 
says that the colour was reddish and very vivid. (Mr. Kater 
describes the light as quite white.) Mr. Forster saw a few 
auroral streamers in the north; at nine o’clock all had dis- 
appeared. Wliat was the cause, I do not say of the difference 
of position, but of the difference of form in the luminous band 
at two places so little distant from each other ? 

The English journals contain a third description dated from 
Gosport. The observer there (Mr. Burney, I suppose,) saw at 
seven in the evening a small luminous segment, nearly in the 
magnetic north (or north by compass”); its altitude gra- 
dually increased, and at nine o’clock was 26°. The extremities 
of the segment corresponded to a little north of west, and a 
little north of north-east. Bright streamers, almost perpendi- 
cular to the horizon, darted from it, and rose to about 35° ; 
forty were counted in the space of forty minutes. They were 
either slightly yellowish or very bright red. At a quarter 
past eight, a mass of light detached itself at all points from the 
segment in question ; five minutes later, it formed a very re- 
gular arch 41° in breadth, its cuhninating point being at 70° 
of altitude, and its extremities at the horizon being a little 
south of west and east -north-east. The eastern part disap- 
peared ten minutes before nine. Bright streamers then darted 
continually from the western branch. This western branch 
ceased itself to be visible at five minutes after nine ; yet some 
traces of it could still be perceived near the horizon. The 
bright segment from which the arch had detached itself was 
seen up to ten o’clock. Mr. Burney perceived slight signs of 
aurora on the two following evenings, viz. the 30th of Sep- 
tember and the 1st of October. 

(I leave to physicists to explain how it happened that Mr. 
Burney saw so many streamers at the very time when Kater 
saw no trace of any.) 

At King’s Lynn Mr. Utting saw that at eight o’clock the 
centre of the luminous arch passed exactly through oc Aquila3. 
The greatest altitude was 56°, in a plane forming an angle of 
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25° with the meridian ; , thus the culminating point was about 
S. S. E. Mr. Utting thought that the arch was 2° or 3° broad 
at the time of its grea^st brilliancy, but said that latterly the 
breadth had increased to 8° or 10°. He made the time of dis- 
appearance nine o’clock. (^Ann. of Philos. Nov. 1828.) 

The same phenomenon was observed in the neighbourhood 
of London from six in the evening to midnight. At six the 
aurora showed itself in the north-west under the form of a very 
brilliant segment of a circle resting on the horizon. It disap- 
peared at half-past six, after having risen to 12° of elevation. At 
seven the aurora reappeared ; it was the most intense in the 
quarter of the magnetic north ; bright streamers shot from it 
perpendicularly, and rose to 20°. At a quarter-past eight all 
had vanished, but at ten the aurora was again visible. Many 
streamers rose from the base. * 

The unknown author of the narrative from which the above 
is taken was disposed to attribute the successive disappearances 
of the aurora to the existence of an upper current coming from 
the N. W., but he does not say how the current coidd produce 
such an effect. He remarks, moreover, that a violent N. E. 
wind was blowing; in the evening and in the night. (Phil. Maq.. 
Jan. 1829, p. 77.) 

The same aurora was observed at Plymouth by Mr. George 
Harvey. At ten minutes after eight he saw in the W. S. W. a 
bright streamer 20° long and 1° broad, and about 20° above the 
horizon ; five minutes later the streamer had already grown 
considerably larger, and now crossed the meridian 10° south of 
the zenith. At twenty-seven minutes past eight it almost 
reached the eastern horizon ; the arch was then 4° broad, its 
two sides were parallel and well-defined, and, with the excep- 
tion of a few inflections, only seen aHits lowest portions, its 
plane was perpendicular to that of the magnetic meridian, and 
formed with the horizon an angle equal to the inclination of 
the magnetic needle. The western part always appeared much 
the most brilliant. The light was everywhere quiet and steady, 
except a little tremulousness, perceived at forty-eight minutes 
after eight o’clock near the Pleiades. 

During the whole time the phenomenon lasted, the quadrant 
included between north and West was lit up by a light equal to 
that of a bright summer morning when the sun is about to 
rise. (Edinb. Jotirn. of Science^ No. XIX. p. 146.) 
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Mr. Davies Gilbert, President of the Royal Society, being 
near Penzance, saw the auroral arch of the 29tli of September 
at eight o’clock. Its plane was perpendicular to the magnetic 
meridian, and its light was perfectly tranquil. 

At Dublin, where the same phenomenon was observed, the 
culminating point is stated to have been 10° south of the 
zenith at half-past seven. 

In the United States, on the same day, bright streamers arc 
said to have been seen at Albany, Cambridge, St. Lawrence, 
Utica, and Lowvillc, as well as a luminous arcli. 

On the 29th of September, at 6h, 45m. P. M., the declination 
shown by the diurnal variation-needle at Paris was more than 
7' below that of the preceding days at the same hour. At 
lOh. 25m. the accidental or abnormal difference had increased 
to 12', always in the same direction ; the diurnal variation on 
that day amounted to 20' 44". 

On the 30th of September, on which day Mr. Burney also 
observed an aurora at Plymouth, the needle at Paris was very 
much disturbed throughout the day. For instance, at a quarter 
before nine in the morning the declination was more than 20' 
greater than at the same hour on the preceding and following 
days; the diurnal variation was 17' 9". The aurora was also 
seen at Dutchess in the United States. 

On the 3rd of October an aurora was seen at Cayuga, 
but nothing remarkable was observed in the march of the 
dccllnation-needlo at Paris. The diurnal variation was only 
6' 33". 

On the 8th of October a brilliant aurora was seen at Albany 
and at Dutchess. At midnight an arch 5° broad was seen, per- 
pendicular to the magnetic meridian, and rising 10° above the 
horizon. 

On the same day (8th of October) the horizontal needle was 
much disturbed at Paris; the extent of the variation was 
11' 23". 

On the 11th of October an aurora was seen at Hartwick. 

On that evening (11 October) the needle at Paris was not 
looked at until a quarter-past ten, when it occupied its usual 
position. 

On Monday^ the 15th of October, 1828, at Perth, a bril- 
liant aurora borealis was seen in the evening. . Afterwards, a 
few minutes before nine o’clock, a pencil of very vivid light 
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began to show itself on the horizon about the east ; it rose gra- 
dually, and in a few moments assumed the form of an arch, 
spanning the whole firmament* At its highest part the breadth 
of the arch was about 4®, but from thence it gradually lessened, 
so that towards its lower extremities, and when approaching its 
points of intersection with the horizon, the arch was hardly visible. 
These two points of intersection were nearly diametrically 
opposite to each other, one a little east of north-east, and the 
other a little west of north-west. The culminating point was 
7° south of the zenith of Perth. The axis of the arch (It would 
have been desirable that the author of the account had em- 
ployed a more precise term) remained during the whole time 
for which the phenomenon lasted in the plane of the magnetic 
meridian {Edinh. Journal of Science^ Jan. 1829, p. 179.) 

On the 15th of October the horizontal needle at Paris was 
not notably disturbed ; this, therefore, would appear to be a 
case of aurora not exercising any action on the needle. I only 
say would appear,” because it seems to me possible that there 
may be an error in the date of the notice published by Mr. 
Brewster; for it says Monday the \5th of October; now the 
15th of October was a Wednesday, not a Monday. 

On Monday the 29th of October, 1828, an aurora borealis 
was observed at Perth, between ten and eleven at night. The 
streamers were remarkably brilliant, and darted upwards to the 
zenith with inconceivable rapidity. It seemed as if the atmo- 
sphere was on fire.” {Edinh, Journ. of Science^ Jan. 1829, 
p. 179.) 

The horizontal needle for diurnal variation at Paris followed 
pretty regularly its usual course on the 29th of October, afford- 
ing a second apparent instance of an aurora without influence 
on the needle. But by some strange fatality, I have again to 
remark that the 29th of October was Wednesday, not Monday, 
as stated in the notice in the Edinburgh account. On the 30th 
of October, the declination needle was somewhat disturbed, 
and I should say it had also been so on the 8th, 9th, and 26th 
of the month. 

On the 31st of October, at Paris, there was in the north a 
very remarkable black cloud, which I looked upon as the pre- 
cursor of an aurora; but no luminous streamers appeared. 
The needle was about 5' out of its usual position in the evening. 
On the 8th of November, an Aurora was seen at Utica U. S. 
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The observations at Paris were not sufficiently numerous in 
the evening for me to be able to affirm positively that the hori- 
zontal needle was not disturbed ; but no derangement appeared 
in the morning, or at noon, or at a quarter to seven in the 
evening, or at eleven. 

On the 11th of November, Erman saw an aurora at Tobolsk 
(this is taken from a letter addressed to the Academy). The 
declination is east at Tobolsk, and the summit of the auroral 
arch corresponded to N.N.E. At Paris, the needle was slightly 
out of its usual direction in the evening. 

On the Ist of December, an aurora was observed at Man- 
chester, at six in the evening, by Mr. Blackwall. Its light 
was pale and white. It formed an arch 4® or 5° broad, the 
plane of which seemed to be perpendicular to that of the mag- 
netic meridian. Its culminating point was about 30° above the 
horizon. At ten minutes after six, the arch began to fade, 
and soon disappeared entirely, but ascending streamers were 
subsequently seen to issue from a faintly luminous appearance 
situated on the horizon, on the prolongation of the magnetic 
meridian. At Wirksworth in Derbyshire, the aurora was 
seen at half-past nine, but without any trace of an arch. 
Aurora was also seen in the United States, at Chuton, and at 
Schenectady. 

On the same day, an aurora was observed by Erman at Bere- 
sow in Siberia (lat. 63° 56'), attended by an increase ’of mag- 
netic inclination of 8' *5. (il/S. Letter from Erman,) 

Although the declination is east at Beresow, yet Erman says 
the summit of the arch was N.N.W. If a distinct detached arch 
is intended to be spoken of, the remark is important ; if by an 
arch is only meant the upper margin of a luminous segment 
resting on the horizon, hundreds of similar examples have been 
observed in Europe. 

On the 1st of December, the needle for diurnal variation 
was much disturbed throughout the day. In the morning, the 
declination was greater than usual, and in the evening, on the 
contrary, it was smaller. At llh. 28 m., the derangement 
exceeded 22'. 

The aurora observed at Beresow by Erman may without 
doubt be supposed to have been under the influence of the 
second northern magnetic pole, /. ^., the Asiatic pole ; like the 
auroras of Europe, however, it carried the north point of the 
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declination needle to the west of its normal position in the 
morning, and considerably to the east of it in the evening. 

Mr. Blackwall saw at Manchester, on the 26th of December, 
at 6 P.M., an auroral arch perfectly well defined, and having its 
plane perpendicular to tlie magnetic meridian. It rose gradu- 
ally higher ; and at 6 h. 20 m. its culminating point was 20® 
above the horizon. It repeatedly became alternately stronger 
and fainter. After its entire disappearance, there remained 
a faint light in the magnetic north. 

The same aurora was seen at Hull, from six to seven o’clock. 
At the moment of its greatest altitude, the arch appeared to be 
25® above the horizon. 

At Gosport, during the same time, Mr. Burney saw only 
a faint auroral light. 

At a quarter before seven that evening, the declination at 
Paris was 9' less than usual. The derangement lasted but a 
short time. 

Mr. Burney saw, at Gosport, during the month of December, 
a second aurora, of which he has not given the date. J udging 
by disturbances of the horizontal needle, we may suppose it to 
have been on the 3rcl, 15th, or 28th. 

On the 28th of December, at half-past six in the evening, 
Mr. Farquharson in Aberdeenshire saw an arch begin to rise 
in the magnetic north, disperse, and then form again five times 
in succession. At one moment, three concentric arches 
were seen. (/%z7. Trans. 1829, p. 118.) 

At Paris, the declination needle was sensibly deranged dur- 
ing the day, beginning from the first observation in the morn- 
ing. The variation in the day was 15' 54". 


§ 11. 1829. 

On the 2nd of January, Mr. Marshal saw a brilliant aurora 
at Kendal near Manchester. 

On the same day (the 2nd of January), at a quarter before 
eight in the evening, the needle at Paris pointed about more 
to the east than at the same hour on preceding and follow- 
ing days. At eight o’clock, the irregular deviation was not 
more than 3 ; at a quarter past ten, all was again as usual. 

The aurora of the 2nd of January was also accompanied by 
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an effect on the vertical needle. In winter, this needle scarcely 
varies from the morning to the evening ; but when there is any 
sensible change, it is a diminution of inclination in the even- 
ing as compared with the morning. On the 2nd of January, 
on the contrary, the inclination increased about 1'. I will only 
add one remark, which is not without interest ; it is that an 
observer at Paris who should only have looked at the needle 
at a quarter-past seven and a quarter-past ten, would not have 
suspected the existence of the aurora. Negative facts regard- 
ing the magnetic influence of these luminous phenomena are 
therefore only to be viewed as important when the observations 
have been very frequent. 

On the 27th of January, an aurora was seen at Cambridge 
(U. S.). At Paris, the horizontal needle showed the influence 
of a small but real perturbing action. 

On the 30th and 31st of January, auroras are also noted at 
Cambridge. At Paris there was a sensible movement of the 
north end of the needle towards the east. 

On the 11th of February, my illustrious friend Alexander 
von Humboldt saw faint traces of an aurora at Berlin. 

On the 11th, the horizontal needle at Paris was very notably 
disturbed. At 25 minutes after noon it was more than 7' to 
the west of its ordinary position. At llh. 45m. p. M., it was 
nearly 2}/ to the east of its usual place. I cannot say what 
the maximum amount of disturbance may have been, because 
our register supplies no observation between 5h. 45m. jind 
llh. 45m. P.M. The whole extent of diurnal variation ob- 
served was 14' 58". 

On the evening of the 21st of March the needle for diurnal 
variation at Paris was much agitated ; the entire variation in 
the day rose to 18' 33". Nothing was seen, however, towards 
the north to indicate aurora, nor have I found any notice of any 
aurora on that day in scientific journals. The inclination 
needle also showed a variation of 2 '*2. 

On Monday, the 23rd of March, about a quarter after two 
in the morning, Mr. Thomas Maclear, at Biggleswade, in 
England, saw a luminous arch rising from the eastern part of 
the horizon, and moving towards the Great Bear. In the 
course of two minutes, this arch divided into three branches, 
then into four, and still later into five ; but these Averc soon 
reduced to two. These different branches were always joined 
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near the horizon, which is not the usual character of multiple 
auroral arches ; but the circumstance which leaves no doubt as 
to the nature of the phenomenon is, that luminous streamers 
coming from the west rose from time to time to 10° above the 
horizon, and that, notwithstanding the light of the moon, traces 
of aurora were seen in the north, close to the horizon. 

In the morning of the 22nd, the Iiorizontal needle had been 
notably disturbed. In the evening it was not observed until 
lOh. 40m. ; and the declination was then nearly 3*]' less than 
at the same hour on the preceding and following days. The 
entire extent of the diurnal variation was 14' 39". 

On the 4th of April, an aurora was observed at Utica. 
(^Brewster^s Journal^ Jan. 1831, p. 80.) 

On the morning of the 4th, peasants going to Dieppe mar- 
ket, and coming from villages several leagues distant from each 
other, all saw in the sky a fiery train, appearing very broad 
below, and terminating in a point. They said it gave as much 
light as the moon when full. 

I am indebted to M. Nell de Breautc for the knowledge of 
this phenomenon. Notwithstanding what is imperfect in its 
description, I am inclined to class it with auroras, because the 
magnetic needle at Paris presented a remarkable march on the 
morning of the 4th. The disturbance of the horizontal needle 
Avas very sensible in the night of the 3rd, and morning of the 
4th. On the night of the 3rd, the needle had pointed too much 
to the east; and on the folhnving morjiing the derangement 
Avas, on the contrary, to the west. The entire variation ob- 
seiwcd Avas 13' 34". 

An aurora is mentioned in BrcAVster’s Journal (Jan. 1831, 
p. 80.) as having been seen at LoAVville on the 5th of April. 
On that day at Paris, at a quarter before seven in the evening, 
the needle pointed 4' more to the east than usual. 

On the 8th of April, another aurora Avas seen at LoAvville. 
It resembled a bright cloud. A constant light Avas observed 
near the horizon for some hours. {Brewster's Journal^ 1831, 
p. 80.) At Paris, the needle was much disturbed on the 
morning of the 9th ; it pointed 6' more to the east than at the 
same hour the day before. 

On the 2nd of May, at Paris, the sky being completely 
overspread with clouds, there could nevertheless be seen in the 
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northern quarter, at some little distance above the horizon, a 
rather vivid light contrasting with the darkness of the lower 
clouds. The declination needle was much disturbed that even- 
ing, and the entire diurnal variation amounted to 21' 40". 

On the 29th of May, a rather faint aurora was seen at St. 
Lawrence, in America, At Paris, the declination was slightly 
affected. The total variation in the day amounted to 14' 21". 

On the 31st of May, an aurora, not very remarkable for in- 
tensity, was seen at Utica, in America. Tn Paris, there was a 
notable deviation of the needle to the west at Ih. 45m. r. m. 
The total variation in the day was 13' 24". 

On the 1st of June, at Cambridge, Franklin, and other 
places in America, a brilliant aurora was seen, with several 
concentric arches. At Paris, there was a perturbation to the 
east in the morning. In the evening the needle was only 
observed once. 

On the 2nd of June, an aurora was seen at Cambridge 
(U.S.), Utica, &c. At Paris, our registers show a disturbance 
of the needle towards the east at half-past nine in the evening. 
No traces of aurora were seen with us, although the sky was 
clear. The entire diurnal variation observed was 20' 16''. 

On the 7th of June, an aurora is noted as having been seen 
at Schenectady, in America ; but no disturbance is shown by 
the Paris observations. 

On the 14th of June, at St. Lawrence (America), an aurora 
is mentioned which coincides with a small perturbation to the 
west, remarked about noon, at Paris. The entire variation ob- 
served was 15' 7". 

On the 21st of June, an aurora was seen at Poiigh-kecpsie 
(America); it was not accompanied by any notable derange- 
ment at Paris. The t(^nl diurnal variation was only 8' 53". 

On the 25th of July a very brilliant aurora was seen in 
the evening at Kendal, by Mr. Marshal. (Edin. Jouriu of 
Science^ No. 2., p, 317.) Dalton also saw an aurora at Man- 
chester, at 1 1 P. M. 

The disturbance of the needle at Paris, on the 25th, was 
much greater in the morning than in the evening. The varia- 
tion of the declination in the day amounted to 10' 36", that of 
the inclination to 5'. 

On the 25th of August an aurora was seen at Pough-keepsie 
(Brewster^ s Journal^iS mi* 1831). The Paris observations, which. 



AURORA BOREALIS. 469 

indeed, are too few, give tiie variation of the declination in the 
day 12' 28". 

On the 26th of August a brilliant aurora was seen at Cam- 
bridge, Utica, and other places in America. At Paris, at 11 
P.M., the needle pointed 12' more to the east than usual, and 
the total variation was 24' 10". 

On Friday, the 18th of September, at nine in the evening, a 
very brilliant aurora was seen at a place in America, situated 
in 40° 35' N. lat., and 64° 18' W. long, from Greenwich, 
The streamers were very rapid and changeful, both in place and 
colour, sometimes red, sometimes blue, and of all intermediate 
tints. (^Silliman^s Journal^ voL xviii., 1830, p. 393.) 

The aurora of the 18 th was seen at Albany, and at Utica, 
but notliing is said of its brilliancy. {Brewster'^ s Journal^ J an. 
1831, p. 81.) At Paris the needle was very sensibly to the 
west of its usual place at 6h. and llh. 15m, p,m. The total 
variation was 15' 54". 

On the 19th of September, at Manchester, an aurora was 
seen from half-past eight in the evening. (Communication 
from Dalton.) 

The aurora of the 19th was seen in the United States (in 
40° 35' N. lat., and 64° 18' W. long, from Greenwich), at about 
nine in the evening. (^Silliman^s Journal^ vol. xviii., 1830, p. 393. ) 
At Albany and Clinton, it formed an arch of about 65° in 
extent, from which streamers rose towards the zenith. At St. 
Lawrence, it was seen from eight o'clock to nine. {Breicstev^s 
Journal^ Jan. 1831, p. 81.) At Paris, at Ih. 30m. P. M., the 
needle pointed 3' or 4' more to the west than usual, and at 
1 1 p. M., above 7' more to the east than usual. The total 
variation in the day was 20' 54". 

The Paris newspapers of the 23rd of September announced 
that a brilliant aurora had shown itself in the night from the 
21st to the 22nd; and had been watched by numerous specta- 
tors from the bridges up to half-past eleven. 

I learnt from Captain Sabine that Mr. Farquliarson, in 
Aberdeenshire, had observed auroras both on the 21st and the 
22nd ; but had not found his declination needle sensibly dis- 
turbed by them. 

At Paris, on the 21st of September, the needle was in its 
usual position at 6 p. m., which was the only time it was ob- 
served that evening; but at noon precisely, a disturbance of 
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about 6' to the westward had been noted. As we have seen, 
Mr. Farquharson, in Scotland, did not notice any disturbance 
in his needle ; but I believe he did not observe it with attention 
until the evening. 

At Paris, on the 22d of September, the needle was probably 
very sensibly disturbed in the evening ; for at 25 minutes after 
midnight, its north end pointed more than 4' more to the east 
than usual. 

On the 26th of September, a brilliant aurora was seen at 
Albany, at half-past nine in the evening. Streamers darted 
upwards from it to the pole-star. (^Brewster'* s Journal^ Jan. 1831, 
p. 81.) In Aberdeenshire, an aurora was seen, but there ap- 
peared to be no action on Mr. Farquharson’s needle. {Phil. 
Trana.y 1830, p. 105.) Neither is there any evidence of dis- 
turbance of the needle at Paris. 

On the 1st of October, in Aberdeenshire, an aurora is re- 
corded without any action on IVfr. Farquharson’s needle. {Phil. 
Traiis.y 1830, p. 105.) At Paris there were some small irregu- 
larities in the march of the declination needle between 8 p. M. 
and midnight. 

On the 3d of October, aurora was seen both at IVTanchester 
and in Aberdeenshire, without any perturbation being shown 
by Mr. Farquharson’s needle. At Paris, at seven, and a quarter 
past seven, the north end of the needle was more than 4' to the 
west of its mean ])osition corresponding to those houi's. Na 
more observations were taken during the remainder of the cven- 
ing. 

It is rare for the needle to be so much and so often disturbed 
as it was during the last three months of 1829.* I subjoin a 
list of the days on which the perturbations a])pear to me to have 
been so considerable that I believe them to have corresponded 
to auroras : — 

October, 4. 9, 10, 11, 12. 21, 22. 24, 25. and 30. 

November, 10. 13, 14. 16. 17, 18, 19. 24, and 26. 

December, 7. 14. 19, 20, 21, and 23. 

* [Those who have followed with interest the recent discovery of a decen- 
nial magnetic period, aifecting coincidently the solar spots and the solar 
magnetic influences sensible at the surface of our globe, will not fail to be 
impressed with the testimony which is here directly, and in other parts of 
M. Arago’s memoranda incidentally, borne to the greater frequency both of 
magnetic disturbances and of auroras in the years 1828 and 1829 than in 
the years immediately preceding or following. These were also the years 
of maximum apparition of the solar spots. (See Cosmos^ vol. iii. p. 292., 
Engl, edit.)] — Ed. 
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The 6th of October is not among the dates specified in the 
above list ; for on that day the march of the needle had ap- 
peared to me to be pretty regular. I had only observed it at 
twenty minutes after five, at seven, at eight, and at half-past 
eleven. May there have been, between eight and half-past 
eleven, a great disturbance neither preceded at 8h., nor fol- 
lowed at llh. 30', by any sensible derangement in the declina- 
tion ? This does not seem probable, although such a possibility 
cannot be denied. However, at the point the question has 
now reached, cases of aurora without action on the needle would 
be more interesting to science than cases where the declination 
is visibly affected. Accordingly, the publication of Mr. Far- 
quharson’s observations is awaited with impatience. 

I subjoin, as an exemplification, a detailed table of the march 
of the magnetic needle, at Paris, on the 11th of October, 1829, 
during one of the auroras seen by Mr. Farquharson in Aber- 


deenshire 

: — 
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Horizontal Needle. 

Inclination Neetlle 

h. 

m. 

o 

* 


O f 

99 

7 

0 

22 

4 

50 

67 39 

45 

7 

35 


2 

50 

39 

25 

8 

0 


3 

45 

41 

0 

8 

15 


3 

15 

41 

25 

8 

40 


4 

59 

41 

45 

9 

0 


5 

35 

42 

50 

9 

25 


7 

0 

42 

35 

10 

0 


9 

40 

42 

0 

10 

30 


12 

0 

43 

0 

Noon. 


14 

20 

41 

20 

0 

20 


14 

20 

41 

5 

0 

50 


14 

45 

41 

0 

1 

45 


13 

20 

40 

55 

2 

0 


12 

55 

40 

20 

3 

45 


13 

40 

41 

25 

4 

45 


12 

10 

42 

15 

6 

15 


3 

5 

43 

10 

G 

30 


8 

15 

42 

55 

7 

20 


6 

5 

44 

15 

7 

30 

21 

57 

0 

43 

15 

7 

35 


56 

25 

41 

40 

7 

40 

22 

2 

40 

41 

15 

7 

45 ^ 


5 

15 

41 

40 

7 

50 


7 

30 

42 

5 

7 

55 


8 

50 

43 

15 

8 

0 


7 

45 

43 

50 

8 

5 


7 

30 

44 

25 

8 

10 


4 

10 

45 

20 

8 

15 

21 

56 

45 

45 

50 




H H 4 





472 


METEOROLOGICAL ESSAYS. 


Time. Horizontal Needle. Inclination Needle. 
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When these observations arc compared witli those which 
present the appearance of a regular march on the preceding 
and following days, it is seen that the declination needle was 
deranged as early as noon on the 11th, and that its direction 
was then nearly 2 J ' too much tor the west. The uncertainty in 
the observations of inclination is under 10", 

After attentively examining the preceding table, great sur- 
prise will be felt at learning, that at Alford, in Aberdeenshire, 
Mr. Farquharson’s needle was not disturbed on the 11th of 
October. lie says, in express terms, that from 8h. to 8h. 20in, 
p. M., his needle was tranquil, and in its ordinary position. In 
this same interval of time at Paris, the decliAation varied more 
than 9', and was very different from its ordinary value. 

On the 17th of October, a brilliant aurora was seen at Man- 
chester, at half-past six in the evening. At Paris, the declina- 
tion needle presented no remarkable anomalies, at least up to 
a quarter after seven. 

On the 21st of October an aurora is noted as having been 
seen at Utica, and at Cambridge, U.S. At Paris, at noon, the 
north end of the horizontal needle was nearly 3' Avest of its 
usual position, and at a quarter before nine in the evening the 
deviation in the opposite direction, or to the cast, was upwards 
of 5'. The total variation was 16' 22" 

On the 24th of October an aurora was seen at St, Lawrence, 
in America, and also at sea in 44® N. lat., and 52® 30' W. long, 
from Greenwich, by a young scientific man from Columbia, 
M. Acosta. At Paris, according to a rule during times of 
aurora, which appears subject to few exceptions, the disturbance 
of the needle was to the west in the morning and about noon, 
and became cast in the evening.* At a quarter after eight in 

* [At Toronto, in lat. 43® 40'N.^ and therefore in the same hemisphere and 
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the morning, the anomaly was 6'; at a quarter after noon, 
more than 5'; and at a quarter after six in the evening, 13' or 
14'. The total variation was 22' 27". 

On the 25th of October, an aurora was seen at Kendal and 
in Aberdeenshire. At Kendal the aurora, according to Mr. 
Marshal’s account, was composed of five parallel bands. At 
Paris, at half-past seven in the morning, the needle was 5' west 
of its usual position ; at noon, the disturbance was 6' in the 
same direction ; and at half-past six in the evening, 6' in the 
contrary direction, or to the east. At Alford, Mr. Farquharson’s 
needle showed no disturbance. 

On the 27th of October, an aurora is said to have been seen 
at Delaware in America ; but from the description it does not 
appear certain that the light seen was really that of an aurora. 
However this may be, no appreciable action was observed at 
Paris. 

At Paris, during the evening of the 30th of October, whitish 
luminosities were seen towards the north, which in a different 
locality might have been regarded as indications of aurora ; but 
it is possible that the lamps of Paris may have caused such 
appearances. There was, moreover, a luminous cloud, varying 
in brightness, but without changing its place, which remained 
in the E.N.E. for a'very long time. This cloud attracted the 
attention of many persons. There were no very bright stars 
in that part of the heavens. The extent of the diurnal varia- 
tion of the declination was 18' 15". 

nearly in the same latitude as Paris, the mean effect of the magnetic dis- 
turbances on the declination needle is to produce a maximum deflection to 
the west a little after 7 a. m. The westerly deflection gradually diminishes 
to 1 p. M., when an increase takes place to a secondary westerly maximum 
libout 3 p. M. Between 5 and 6 p. m. the disturbance- deflection passes from 
westerly to easterly, and attains a maximum of easterly disturbance a little 
after 9 p. m., the easterly maximum being in amount almost twice as great as 
the westerly deflection at 7 a, m. From its maximum about 9 a. m. the 
easterly deflection progressively diminishes until between 4 and 6 a. m., 
when tlie deflection becomes westerly. 

At Ilobarton, which is nearly in the same latitude, but in the southern 
hemisphere, the mean cllect of the magnetic disturbances on the declination 
needle is to produce a maximum of easterly disturbance a little after 7 A. m. 
The easterly deflection gradually diminishes to a little after noon, when it 
again increases, and reaches a secondary easterly deflection at about 4 p. m. 
Between 6 and 7 p. m. the disturbance deflection passes from easterly to 
westerly, attains a maximum between 10 and 11 p. m., which in amount is 
rather more than twice the maximum easterly deflection at 7 A. m. From 
between 10 and 11 p. m. the westerly deflection progressively diminishes, and 
passes into easterly soon after 4 a.m.] — Ed. 
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On the 9th of November a brilliant aurora was seen at Low- 
ville in America. At Paris, there was a considerable disturb- 
ance of the needle towards the west in the morning, and from 
noon to half-past one. In the evening, all was nearly as usual. 

On the 17 til of November, an aurora was observed in Aber- 
deenshire. At a quarter-past six, an arch of nebulous light 
was seen, having its summit in the magnetic meridian at an 
altitude of 20°. Concentric arches rose successively, and dis- 
appeared as soon as they had reached 20° altitude. At eleven 
o’clock, one-half of one of these arches became very brilliant. 
At this time, Mr. Farquharson’s needle was not disturbed. 
(^PhiL Trans, y 1830, p. 102.) At Paris, a westerly disturbance 
was observed in the morning, and, as usual, an easterly disturb- 
ance in the evening. The totakvariation was 13' 47". 

On the 18th of November, an aurora was seen in Aberdeen^ 
shire as early as six in the evening. At eight o’clock, very 
bright arches were seen, at 20° altitude, and with vertical 
strefirners. {Phil. Trans, ^ 1830, p. 102.) No effect on Mr. Far- 
quharson’s needle. {Phil, Trans. ^ 1830, p. 105.) At Paris, the 
sky was clear in the evening, but no traces of aurora were seen. 
The needle was 9' too much to the east at half-past six in the 
evening ; three minutes later, it had already returned 6^' to- 
wards the west, and at 6h. 37m. P.M., it was a little more to 
the west than usual, a circumstance worthy of remark, if not 
for the amount, at least for the direction of the disturbance ; for 
in the evening the perturbation almost always shows itself to- 
wards the east. At a quarter to seven, the needle had nearly 
returned to its usual place, and continued so throughout the 
rest of the evening. The total variation was 14' 2". 

On the 19th of November, faint auroras, with streamers rising 
from time to time to the zenith, were seen at St. Lawrence (in 
America), and in Aberdeenshire. At Paris, no trace of aurora 
w’^as perceived, although the sky was clear. In the morning, 
from half-past seven to ten minutes to eight, the needle was 
sensibly more to the west than usual. No observations were 
taken in the evening. 

On the 14th of December, an aurora was observed in London 
from six in the evening, according to a communication from 
Dalton. The aurora was also very bright in Aberdeenshire, 
where Mr. Farquharson observed it. {Phil, Traus.^ 1830.) 
Mr. Burney saw it also at Gosport. At six o’clock, he observed 
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a bright light in the. magnetic north. Fourteen luminous 
streamers rose from it to from 10° to 20° of altitude. A quarter 
of an hour afterwards, a well-defined arch had formed. It was 
3° broad, and had its highest point at 16° of altitude. Its legs 
corresponded to a little east of north and a little west of north- 
west. Several luminous meteors passed across the arch. {Phil. 
Mag.y Feb. 1830.) At Paris, there was a considerable perturb- 
ation towards the west at one P. m. and at twenty minutes after 
one P. M. In the evening, the derangement was towards the 
east, but it was scarcely more than 2'. The total variation was 
13' 25". 

On the 19th of December, an aurora, which had nothing 
remarkable about it, was seen at Schenectady. {Iiretvster\H 
Journal^ p. 81.) At Alford in Aberdeenshire, at half-past 
Jieven, a very brilliant aurora was seen in the north. The 
streamers rose up to tlie zenith. The aurora was seen at the 
same time on tlie south horizon. {Phil, Trans. ^ 1830, pp. 103 
and 104.) At Paris, the needle was considerably to the west 
of its usual place from half-past eleven A. M. to half-past two 
p.M. In the evening, and especially between nine o’clock and 
midnight, there was also a very notable derangement, but it 
was towards the east. The total variation was 20' 54". At 
Alford, Mr. Farquharson’s needle was also considerably dis- 
turbed. 

On the 20th of December, in Aberdeenshire, a splendid 
aurora was observed from half-past eight to eleven, {Phil. 
Trails,^ 1830, p, 104.) At Paris, at 1 r. M., there was a de- 
rangement to the west of 8' ; and at 11 p.m. a derangement to 
the cast of 6'. The total variation amounted to 21'. Mr. Far- 
quharson affirms that his needle was not disturbed; but did he 
observe it frequently ? 

On the 28th of December, a brilliant aurora was seen at 
North Salem in America ; but the needle at Paris was not 
sensibly disturbed. 

§ 12. 1830. 

On the 25th of January, there was in Aberdeenshire an 
aurora, which presented a succession of arches which only rose 
to a small height. From time to time, it was accompanied by 
bright streamers. At Paris, at 1 p.31., the needle Avas about 
3' to the west of its usual place. At nine in the evening, the 
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deviation in the opposite direction, or towards the east, was 
little more than 1'5". The total variation was 10'. No derange- 
ment showed itself in Mr. Farquharson’s needle ; but, if I am 
not mistaken, as I have already said, that physicist only observed 
the declination attentively in the evening. 

On the 28 th of January, Mr. Marshal, at Kendal, saw a 
very brilliant aurora in the evening. (^Brewster* s Journal) In 
Aberdeenshire, very brilliant but low arches were seen at eight 
o’clock. 
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The total variation was 15' 17". 

At Alford (in Aberdeenshire) Mr. Farquharson’s needle 
was — 

/<. 9lt. 

At 8 Op. m. in its usual position. 

8 30 — 21' 30" cast. 

9 55 — vibrating in an arc of 30'. 

I cannot compare these observations one by one with those 
of Paris, not knowing whether Mr. Farquharson employs 
apparent time (temps vrai) as would seem natural, or mean 
time. 

On the 19 th of February, Mr. Marshal saw at Kendal an 
ai)pearance of aurora, but without any perceptible streamer. 
(Brewster* s Journal) At Paris, there was a considerable dis- 
turbance to the west, from the morning to three in the after- 
noon, and to the east at a quarter before ten in the evening. 
The variation was 1 3' 53". 

On the 18 th of March, I learn from Dalton that a very 
beautiful, bright, and elevated aurora was* seen at Manchester. 
At Paris, at twenty minutes before seven in the evening, the 
needle was 17' more to the east than usual. The total varia- 
tion amounted to 25' 44". 

On the 24th of March, a beautiful aurora was observed in 
Aberdeenshire. At Paris, the needle did not suffer any notable 
derangement either in the morning or in the evening. Mr. 
Farquharson’s needle, on the contrary, was much disturbed. 
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h, m. 

At 9 5. - - - 32' to the west. 

About 9 10 - - - 25 to the east. 

About 9 15 - - - 34 to the west. 

On the 19 th of April, from nine in the evening to midnight, 
a very brilliant aurora was seen at Manchester, Edinburgh, 
York, &c. At Paris, at one in the afternoon, the needle was 
3' more to the west than usual. At lOh. 40m. P.M. the per- 
turbation in the opposite direction, or to the east, was nearly 
12'. At that time the sky was clear, but no aurora was 
seen. 

An aurora was said to have been seen on the 24th of April ; 
but Dalton, who gave me the information, had not seen it him- 
self. The needle at Paris, which indeed was not much ob- 
served, did not indicate anything remarkable. 

The ncAvspapcrs announced that on the 5th of May, at mid- 
night, a magnificent aurora was seen at St. Petersburg. 
They said that the rays, or streamers, formed an immense 
semi-circle in which they appeared successively, red, white, 
and greenish, then faded almost away, and, a moment after, 
shone out again, and darted in long lines to the zenith. 

What should wc understand by the 5th at midnight? the 
midnight which divides the 4th and 5th of May, or the mid- 
night between the 5th and 6th? In either case, the needle at 
Paris was affected by the aurora in question. 

M. Kupffer saw the aurora at St. Petersburg up to 2h. A.M. 
on the 6th of May. {Royal Institution Journal^ No. 2. p. 429.) 

At Paris there were great disturbances of the needle in the 
evening of the 5th of May : 
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The next morning there was still disturbance, but it was to- 
wards the west. At a quarter before ten, it amounted to 
nearly 9'. In the evening of the 5th, the inclination needle 
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underwent from time to time variations of as much as 3' or 4' 
in a very few instants. At St, Petersburg, M. Kupffer^s hori- 
zontal needle was considerably disturbed on the night between 
the 5th and 6th of May. Although I do not know whether 
the hours of observation are expressed in apparent or in, mean 
time, yet I think I may affirm that the great movements did 
not take place at the same times, or even always in the same 
direction, at St. Petersburg and at Paris. Thus, for example, 
at half-past eleven the disturbance of the needle at Paris was 
17' west, while at St. Petersburg, at 13h. 20m. (corresponding 
to llh. 28m. at Paris,) a disturbance of 12' to the east was 
observed. 

On the 20th of August, a brilliant aurora Avas seen at Ken- 
dal. The keeper of a lighthouse in Scotland saw auroras on 
the 7th, 10th, 12th, 13th, 17th, 19th, 20th, 21st, 24th, and 
25th of September. 

On the 7 th of September, an aurora was seen at Gosport, 
between a quarter to nine and nine ; the following day some 
traces of aurora Avere still discernible. On the 17th of Sep- 
tember, a brilliant aurora was also seen at Gosport. Kupffer 
saw an aurora on the 13th at St. Petersburg. Unfortunately, 
during great part of September and the early part of October, 
the magnetic obserA\ations at Paris were interrupted by the 
observer’s illness. 

On the 5th of October, an aurora was seen at Gosport. 

On that day (the 5th of October) Captain Godreuil, of the 
ship General Foy, saw a brilliant aurora when in 42° 20' N. 
lat., 37° 19' W. long, from Paris. {National of the 28th of 
October.) 

On the 6th of October, an aurora Avas observed at sea by 
M. Acosta, in lat. 44°, long. 52^ 30' from Greenwich. The 
streamers rose to 50° and 60° of altitude. It ceased suddenly 
at tAventy-five minutes after seven. 

On the 16th an aurora Avas seen at Gosport from ten to half- 
past ten. The streamers Avhich rose from it shot up to the 
Great Bear. {Pkih Mag,^ Dec. 1830.) At Paris, betAveen a 
quarter to eight and thirty-nine minutes after nine, the hori- 
zontal needle was ahvays considerably to the east of its usual 
place. The shy was clear, but no trace of aurora was seen. 

On the 17th of October there was an aurora at Gosport; it 
did not send out any streamers. {Phil. Mag.y Dec. 1830.) 
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On the 1st of November, at 9 r.M., a brilliant aurora was 
observed by Mr. Burney at Gosport, between north and west. 
At 9h. 18m. P.M., streamers began to rise ; they were exceedingly 
bright, although the moon, then almost at the full, was 30® high. 
(^Phil. Mag,j Jan. 1831, p. 79.) At Paris, at nine in the 
evening, the needle was about 8' to the east of its usual place 
at that hour. The total variation was 16' 32". 

On the 4th of November, at Gospdrt, an aurora was visible 
from 7h. p.m. The streamers only formed at 8 o’clock, and 
rose 22® high. At 9 o’clock the aurora had disappeared. The 
moon was then on the horizon. At Paris there was a sensible 
disturbance of the needle towards the west at one in the after- 
noon, and there began to be derangement towards the east from 
7h. 40m. P.M. At 7h. 55m. this derangement had become con- 
siderable, and it was still in existence at a quarter after ten. 
The total variation was 18' 43". 

A faint aurora was observed on the 7th of November at 
Gosport, between 7h. and lOh. p.m. There were no streamers. 
(Phil, Man,, Jan. 1831, p. 79.) The total variation at Paris 
was 22' 36". 

On the 7th of December an aurora was observed at Christiania 
by M. Ilanstcen (tliis information is from a MS. letter from 
M. Erman). At Paris there was westerly deviation of the 
needle of above 15' at a quarter before two in the afternoon, 
and of more than 20' at twenty-five minutes after six. Five 
minutes after seven the disturbance had become easterly. 
Between Ih. 20m., and 6h. 23m. p.m., the derangement in- 
creased 8'. 

A brilliant aurora was observed on the 11th at Gosport, from 
half-past eight in the evening. At two in the morning, the 
clouds having dispersed, the phenomenon presented itself in its 
full splendour. The ascending streamers wliich issued from it 
were, at their maximum, 2® broad and 30® high ; their hue wsis 
red or purple. At eight in the evening at Paris, the needle 
had been more to the east than usual. The observed variation 
was 13' 25". 

On the 12th a faint aurora was seen at Gosport, from 6 p.m. 
to 10 P.M. -It extended from N.N.E. to N.W. The arch 
which bounded it was 8® high. {Phil, Mag,y Feb. 1831.) 
An aurora was also seen on the 13th and 14th, at Paris; from a 
quarter before seven on the evening of the 12th the needle was 
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consideralbly to the east of its usual place. The total variation 
was 16' 32". The next morning, the 13th, at eight, the disturb- 
ance was also very sensible, but it was towards the west. 

Hanstecn wrote thus to Erman on the 29th of December, 
1830, Since the end of July there have been observed at 
Christiania, 35 auroras, all of which were accompanied by con* 
siderable movements of the declination needle.” Among the 
cases in which the disturbance was the greatest, he particularly 
names the auroras of the 6th and 7th of October. I had been 
obliged to be absent from Paris at that time. 

I have thought it desirable to cite in this catalogue all the 
disturbances of the magnetic needle perceived at Paris, in order 
that the reader might be able to decide for himself whether, as 
Mr. Farquharson thought he had remarked, such disturbances 
only show themselves at the moment when, in their ascending 
movement, the luminous parts of the aurora reach the plane 
perpendicular to the magnetic meridian passing through the 
inclination or dipping needle. For our part of the world, at 
least, this supposition docs not appear to hold good. The 
reader may have remarked that in almost all cases the aurora, of 
which the appearance in the evening was attended by a deviation 
of the north end of the needle towards the ejist, had previously 
occasioned a disturbance in the opposite direction, or towards 
the west, in the morning hours. It may also be* noted, and this 
circumstance removes all difficulties, that the aurora acts on 
the magnetic needle at Paris, even when it does not rise above 
our horizon. (Sec the 19th of April, 16th and 17th of Oc- 
tober, &c.) 

Auroras which have only been seen in America, Petersburg, 
or Siberia, notwithstanding the immense distances which divide 
us from those regions, have occasioned considerable disturbances 
in the magnetic needle at Paris. This gives rise to the question. 
May not the auroras of the southern hemisphere also produce 
some effect? I thought at first that I had it in my power 
to answer this question in the affirmative by aid of several 
austral observations, for which I am indebted to M. Simonoff ; 
but I afterwards discovered that unfortunately on the days on 
which the Russian navigator saw auroras in the regions of the 
south pole, the phenomenon also showed itself in the northern 
parts of the globe. 
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§ 13. 1831. 

On the 7th of January a great aurora was seen at Paris. 

During the whole time of the observations made on that 
evening, the aurora was very apparent. At 7h. 33m., apparent 
time, there were two very distinct arches. The lower limit of 
the upper arch passed through Lyra. The culminating point 
may have been 1® or 2° higher at forty minutes after seven. 
The east leg of the upper arch as seen from the Observatory, 
was between the Pantheon and the Val-dc-Grace, the west lew 
was a little to the south of west. 

At five minutes before eight, vertical streamers darted from 
it. Ten minutes later, bands and large spaces of a very intense 
sanguine hue were seen. The light of the aurora was sufficient 
to read by. 

Sometimes there was one, and sometimes there were two 
concentric arches. In either case the culminating points cor- 
responded very nearly to the magnetic meridian. The electro- 
meter for atmospheric electricity did not show any trace of 
electricity in any part of the time during which the phenomenon 
lasted. 

The extent of the diurnal variation of the declination rose to 
1° 16' 33"; and that of the inclination needle to 20'. 

After midnight (/. e, on the 8th) the arch refonned itself in 
a regular manner, and rose as before. Though the sky was 
clouded, yet I thought I could see traces of a luminous arch. 
The needle continued to be disturbed until the 13th. 

On the 9th, an aurora was observed at Buch-holz, near 
Frankfort on the Oder. The observer, M. PastorfF, says that it 
began at 7 p.m. on the 7th, and was visible until 2 a.m. on the 
9th. Does he mean that it was visible during daylight, for two 
successive days ? The light was very bright, and extended 30° 
on either side of the magnetic meridian. The diurnal variation 
of the declination was 33' 22". 

I point out the 2nd, 10th, and 12th of April as having pre- 
sented variations in the inclination and declination needles 
which would lead me to suspect auroras, although I saw no 
traces of the kind on the sky over Paris. 

On the 12th of April I saw two very dark clouds, forming 
on the starry sky two well-defined arches (the lower one espc- 
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daily so), of which the culminating points were in the magnetic 
meridian. These bands were certainly clouds, for I saw no 
stars through them. 

On the 19th, between half-past Jben and eleven, an aurora was 
seen at Berlin. Vertical streamers shot up to the zenith; a 
reddish light was seen on the northern horizon. The culmi- 
nating point of the luminous portion was nearer the geogra- 
phical meridian than in the aurora of the 7th of January; but 
as it is not said that the luminosity was in the form of an arch, 
I do not think the remark has any great importance. The 
variation at Paris was 25' 53". 

On the 9 th of December the sky at Paris was cloudy ; there 
was in the north, at the horizon, a black band of clouds, above 
which appeared a vivid and varying light, which evidently 
could only proceed from an aurora. The needle was much 
disturbed, and pointed in the evening several minutes more 
easterly than usual. 

On the 22nd of December, at eight in the evening, I saw in 
the north, through the clouds, a light which seemed to me to 
be an evident indication of an aurora. The needle was notably 
disturbed. 

§ 14. 1832-1848. 

The magnetic observations made by me in 1832, and in sub- 
sequent years, having been often interrupted, owing to different 
circumstances, I cannot attach the same importance to the de- 
scription of the series of different auroras recorded since then, 
that I do to those mentioned in the preceding catalogue. How- 
ever, I think I may still do a useful service to science by noticing 
in this place the principal cases of the occurrence of the aurora 
borealis which have Come to my knowledge. 

I find in a letter from my friend Alexander von Humboldt, 
the following communication: — ‘^Although the observations 
of the influence exercised by auroras, even in places where they 
are not visible, no longer stand in need of confirmation, yet you 
will learn with some interest the following fact, which M. Gauss 
has inserted in -Schumacher’s ^Astronomical Journal,’ No. 276. 

‘ On the 7th of February, 1835, the variations in the direction 
of the horizontal magnetic needle at Gottingen surpassed all 
that M. Gauss had previously seen ; they were as much as 6 
minutes of arc in a minute of time.’ Now on this same 7th of 
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February, M. Feld, Professor of Physics at Braunsberg (in 
East Prussia), observed a fine aurora borealis, which he has 
described in PoggendorfPs Journal.” 

A fortunate circumstance, in November, 1835, permitted an 
additional verification of the action exercised by the aurora 
borealis on the magnetic needle. At that time the instruments 
intended to be confided to the skilful officers of the Bonite” were 
undergoing careful comparison with those of the Observatory. 
While these examinations were in progress, on the 17th and 
18th of November, the needles for diurnal variation, both in the 
instrument belonging to the Observatory in the great hall 6f 
the Meridian, and in that of the expedition at the southern 
extremity of the garden, underwent sudden, irregular, and 
very considerable changes of direction. Although the sky was 
cloudy, I felt no hesitation in inferring from these motions that 
an aurora borealis would show itself: this was on the morning 
of the ITth; and on the 18th the unusual motions of the 
needles had be^me so great that, notwithstanding the clouds 
which entirely covered the sky, observers carefully examined 
its northern portion for traces of aurora, and were able to per- 
ceive vivid and rapidly changing luminosities, discernible even 
through the thick and unbroken curtain of cloud. 

Subsequently to these remarks being placed on record in the 
register of the Observatory, the English newspapers announced 
that the aurora borealis had been seen in several towns on the 
night from the 17th to the 18th of November, and the follow- 
ing night. Thus we have a fresh example added to so many 
others, of a disturbance of the magnetic needle, evidently pro- 
duced by the mysterious luminous apparitions of which the 
magnetic pole seems to be the focus. However, in con- 
cluding a communication to the Academy on this subject, I 
cited the disturbances of the 1 7th and 18 th only, inasmuch as 
they showed themselves in the course of instrumental examina- 
tions undertaken by me at the wish of the Academy ; for I 
considered that for several years previously I had demonstrated 
and established, by the evidence of a great number of observa- 
tions, that auroras act on the magnetic needles of Paris even 
when they do not reach its horizon. 

* [The intelligent reader will have remarked that all that HhQ facts cited 
hy M. Arago can be considered to demonstrate or establish is the coincidence 
of magnetic disturbances at Paris with auroras visible in other parts of the 
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The aurora of which I had suspected the existence in the 
morning of the 18th, solely from the irregular motions of the 
magnetic needles, was observed by M. Valz, at Nimes, between 
eight and ten in the evening. At nine o’clock, during the 
greatest intensity of the phenomenon, red streamers rpse to 
the zenith. A rather strongly luminous space, from which 
streamers ascended, was seen on the horizon. No arch was 
formed. 

M. Masson of Caen, M. Gachot, lieutenant in the navy, 
M. Verusmor of Cherbourg, M. Charic, engineer of Fonts et 
Chauss6es,” in the department of Nievre, and others, also saw 
the aurora on the 18th of November between eight and nine in 
the evening. The reddish rays of light gave rise to many mis- 
takes ; almost everywhere people ran to extinguish the flames 
of supposed conflagrations, of which they thought they saw the 
reflection In the sky. 

This aurora was seen at Cahors, which is the most southern 
point from which observations have reached 

In the night between the 17th and 18 th of November the 
aurora in London, from a peculiar eflfcct of the atmosphere, 
presented the appearance of a widely spread conflagration, and 
throughout the night a dozen fire engines were almost inces- 
santly hurrying to and fro to the places from which the flames 
seemed to proceed. The meteor was first seen at eleven in the 
evening of the 17th, and after having been very bright for 


globe. Of this coincidence the facts cited leave no doubt ; and correspond- 
ing facts, in regard to the cotemporaneous occurrence of auroras in one 
place and magnetic disturbances in another, have been very extensively 
observed elsewhere. The observations at the British Magnetic Observa- 
tories have manifested that magnetic disturbances sometimes continue with- 
out intermission for several days together, even for seven or eight days 
together, the continuity throughout being shown by one or other of the 
magnetic elements, sometimes by one and sometimes by another. By M. 
Arago’s supposition, viz., that the magnetic disturbance is caused by an 
aurora either at the place itself or in some other place, it would be ne- 
cessary to suppose that, during the whole of such lengthened periods of 
disturbance, auroras are visil)le in some part or other of the earth’s sur- 
face. This it would manifestly be very difficult either to prove or to dis- 
prove. But even were it proved, it would not demonstrate or establish that 
the aurora is the cause of the magnetic disturbance, any more than it would 
prove that the magnetic disturbance is the cause of the aurora. Much 
more is required to be known before we can hope to form a certain conclu- 
sion in regard to the nature and extent of the causal connection which we 
may readily . admit to exist between the two phenomena.]— En. 
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some time disappeared. At three in the ihorning it re-appeared, 
a very bright streamer rising, nearly in the north, to 30° above 
the horizon. At the end of some time the light became fainter ; 
the direction from which it proceeded was from N. W. to 
N. N. W., from whence people were led to infer that it was not 
a fire. The aurora continued more or less bright until six in 
the morning. The sky was clear throughout the whole night. 

The aurora was again very bright on the following night 
(from the 18th to the 19th). Bad weather and a thick fog did 
not permit the meteor to be seen at Paris ; but from ten in the 
morning it had announced itself, as usual, by a sensible increase 
of the declination. In the evening, on the contrary, from a 
quarter before nine to nine, the north end of the needle pointed 
much nearer to the geographical north than at the same hour 
on preceding days; but at 7 P. M., — and this is a circumstance 
very worthy of attention, — the disturbance was positive, and 
notably increased the declination. 

About twenty minutes before midnight a bright and varying 
luminosity was perceived, even through the curtain of clouds. 
The total amount of diurnal variation observed was 50' 12". 

On the 22nd of April, 1836, in 46° 25' N. lat., and 41° 40' 
W. long, (from Greenwich), an aurora was reported by M. A. 
Duhamel, judge in the islands of St. Pierre and Miquelon. It 
was remarkable for its intense brightness, which, said the ob- 
server, was such as quite to outshine the light of the moon, then 
at the full. 

The year 1836 seems to have shown the phenomenon of the 
aurora with great frequency, and, at the same time, with every 
variety of form, brightness, and evolution: this is what was 
written to M. Biot by Mr. Thomas Edmonston, who observed 
in Shetland. Among all the auroras recorded, that of the 18th 
of October is the one which was best seen in our Continent. 
M. Matteucci observed it at Forli in the Roman States; the 
following is his report : — 

It was nine in the evening when a slightly reddish light 
showed itself in the northern region. It embraced an extent of 
70 or 80°, and rose to 25° or 30° of altitude ; its form was cir- 
cular ; In its least high portions it might be 7° or 8° above the 
horizon. Twenty-three minutes after its first appearance the 
light became of a bright crimson colour. A darker central line, 
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which was remarked in it, moved towards the west. The phe- 
nomenon disappeared by fading gradually away.” 

According to M. Bonafous, this aurora was seen simulta- 
neously at Turin and at Cliambery, at half-past nine in the 
evening, in the direction from east to west. 

Mr. Wartmann of Geneva has given the following description 
of the phenomenon as observed by him : — 

At 8h. 31m. p. M., the instant when the phenomenon began, 
the sky was quite clear, the air perfectly calm, and the moon, 
seven days old, was shining in the south. Two reddish clouds 
first showed themselves in the north-west, about 25® or 30® 
above the horizon ; they drew nearer to each other and to the 
•horizon until they were in contact, and in a ibw minutes, 
appearing to touch the ground, they had the aspect of an exten- 
sive distant conflagration ; soon afterwards they took the form 
of a segment, having its cord resting on the horizon, and 
extending at least 50® ; this segment, which was of a strongly 
pronounced dark red tinge, especially towards the middle, 
seemed formed of undulating molecules. Three strise, or very 
distinct bundles or pencils of white rays, darted from the centre 
of the arch in a vertical direction ; they expanded a little at the 
upper part, and rose several degrees above the segment, but 
without reaching the zenith. There were also other streamers 
of a pale white, and not very distinct, which could be vaguely 
seen to shoot towards the limb. At a quarter before nine the 
aurora was very brilliant, and was in the direction of the mag- 
netic meridian. The segment was then about 24® or 25® high ; 
it reached, and included, the stars /S, S, e, 97, of the Great 
Bear, situated near the culminating part of its margin ; a of the 
same constellation was almost beyond the limits of the meteor, 
while 7, the lowest of the seven stars, was rather deep within it. 

The aurora did not remain stationary in this position : it 
first advanced slowly, all in one piece, from north-west to north, 
and as far as 5® north-east, passing over a horizontal arc of 
about 30®, and Its upper extremity traversing all the stars of 
the Great Bear; afterwards, four minutes before nine, it re- 
turned towards its former place, and presented a pale orange- 
tinged crimson ; the segment was now transformed into a kind 
of elongated spindle, of which the lower extremity touched the 
horizon, while the upper, segmentary, margin reached the stars 
in the tail of the Little Bear. This vertical column, 47® high. 
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continued to move towards the north-west, shedding a dark 
reddish lustre, which became gradually fainter. At nine o’clock 
it was barely visible, and at five minutes after nine all that 
could be seen in the atmosphere was a confused light, which a 
few minutes later had completely disappeared.” 

Mr. Wartmann also received from Mr. Struve observations 
of the aurora on the same day. It resulted from their com- 
parison with his own, that at the same moment when he found 
at Geneva the angular height of the culminating point of the 
luminous arch 25®, in Livonia it was 90®. Mr. Wartmann de- 
duced from hence, by the method of parallaxes, the inference, 
that the material particles of the arch were two hundred leagues 
above the surface of the earth. 

On the 18th of February, 1837, an aurora was observed at 
Meaux (Seine et Marne) by M. Darlu. The phenomenon was 
principally remarkable for the very red colour of the light. 
As usual, it considerably disturbed the magnetic needle, but 
without anything to decide whether the direction of the dis- 
turbances has any connection with the position of the points 
where the light was at its maximum. M. Darlu speaks of an 
arch which, at a quarter before nine, occupied the south part of 
the heavens : no such southern arch was seen at Paris. The 
auroral luminosities seen in the south did not form a continuous 
zone ; they only appeared in isolated places. 

The aurora of the 18th of February was also seen at the fol- 
lowing towns : — 


Atonne, near Meaux- 

- Observers, MM. Darlu. 

Luzarches 

• »» 


Hahn. 

Beauvais 

n 


Zoega. 

Versailles 

■ 


Gaudin. 




' Lhomme. 

Sarreguemines 

Observers, MM. 

Legoullon. 

Collignon. 




•Barhaise. 

Morlaix 

* »» 


Pitot de Ilelles. 

B&an<jon 

- » 


Virlet. 




r Auguste Saint Hilaire. 

Montpellier - 



1 Berard. 

Marseilles 

■ 

»> 

Valz. 


My friend Alexander von Humboldt sent me a table of the 
disturbances of the needle at Gottingen during the appearance 
of this aurora. 


1 1 4 
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At 6h. 2m. 30s. the declination was 39' above its usual 
value. 

From 9h. 36m. to 9h. 37m. a change of declinatipn of 11' 31" 
was observed.” 

M. Morren^ Professor of Physics of the Royal College of 
Angers, saw an aurora on the 6th of April, 1837. Towards 
8h. p. M. the aurora consisted of a pale light, perpendicular to 
the horizon and directed towards a Cephei. At 8h. 26m. a 
new arch, much larger and more luminous than the first, was 
formed a little more to the west ; it covered u and y Cassiopeise. 
This latter arch was intennitting, losing and recovering its 
brightness in the course of a few seconds. At 9h. all had dis- 
appeared. 

During the above observations the sky was clouded at Paris ; 
but the needle was much disturbed. 

On the 18th of October, 1837, M. Mandl saw at Paris, from 
6h. 5m. to 6h. 30m. P.M., a very red aurora. The sky was 
entirely overcast at the time; this circumstance might have 
rendered it doubtful whether the red bands observed by M. 
Mandl really proceeded from an aurora, if the Federal” and 

Courier de FAin” newspapers had not announced that an 
aurora had been seen at the same moment at Geneva and at 
Bourg (at both which places the sky was cloudless), and if, 
moreover, for final confirmation, the observatory needle had not 
presented sensible anomalies in the course of the same evening. 

This aurora was seen at Stockholm. It is in reference to it 
that M. Capocci said the clouds often borrow from auroras 
tinges of colour which have not been sufficiently noticed. lie 
further imagines that the red light with which the surface of 
the moon sometimes shines during total lunar eclipses is to be 
attributed to terrestrial polar auroras. 

Some photoinetrical considerations might be brought forward 
which would, I think, |)resent insurmountable difficulties to the 
rej^eption of M. Capocci’s hypothesis. Nor are meteorologists 
open to the reproach apparently addressed to them by the 
Neapolitan astronomer: the effects of the aurora borealis on 
clouds have long been objects of assiduous observation. 

On the night of the 12th to the 13th of November, a brilliant 
aurora of a reddish colour was seen at Paris by M. de la Pilaye, 
at Angers by M. Morren, at Antony by M. Faure, at Ven- 
dome by M. Yvon, at Jambles> near Givry (Saone et Loire), 
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by M. Nervaux, between Genoa and Leghorn by M, Chassinat, 
and at Montpellier by Captain Bdrard. When the arch was 
formed at Montpellier, its upper portion, which could but just 
be distinguished, seemed to be about 20^^ or 25° high. Captain 
Berard judged that this culminating point was in the geogra- 
phical, and not in the magnetic, meridian. This circumstance 
would offer an anomaly respecting which more ample informa- 
tion would be desirable. 

On the 23rd of September an aurora was observed at Ham- 
burg by M. Eobert. 

For the year 1838 I have not received any accounts of obser- 
vations of auroras; in 1839 they appear, on the contrary, to 
have been frequent. 

M. Quctelet wrote to me that an aurora was observed at 
Brussels on the 5th of May, 1839, about half-past eleven at 
night, by his assistant, M. MaiUy. Its light was more especially 
remarkable in the direction of the magnetic meridian. It occu- 
pied about an eighth part of the heavens, reckoning round the 
horizon ; the luminous streamers rose, at intervals, to upwards 
of 50° of altitude. 

M. Lalanne, engineer of Fonts et Chaussccs,” informed me, 
in a letter, dated from St. Brice, near Ecouen, that he saw an 
aurora on the 7th of May, about half-past nine. M. Lalanne 
notices, among the circumstances by which he was most struck, 
the bright bundles of rays — red, yellow, and blue — which rose 
25° and 30° above the horizon. 

According to a letter from Mr. Herrick, from New Haven in 
Connecticut, twenty-two cases of aurora were observed in 
that town, between the 1st of January and the 3rd of Septem- 
ber, 1839. The aurora of the 3rd of September was very 
magnificent. The centre of the corona was 74°, angular height, 
above the south horizon, which would correspond pretty nearly 
to the point in the heavens in the prolongation of the line of 
the dipping needle at New Haven. The needle of a compass 
was disturbed during the whole time for which the aurora 
lasted, to such an extent, that it sometimes showed a declination 
differing 3° from the ordinary mean declination. All the dis- 
turbances were of such a kind as to bring the north point of 
the needle to the east of its usual position. 

According to Mr. Herrick, the aurora of the 3rd of Septem- 
ber was also seen at New Orleans. 
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At Paris, the astronomers of the Observatory and M. Fra- 
vient saw the aurora of the 3rd at about ten in the evening. 
M. Quetelet wrote me that he had seen it at Asti in Piedmont, 
about one in the morning. At Alexandria, it began to be seen 
at ten in the evening, and it lasted throughout the night. 

A remarkable aurora on the 22nd of October was reported to 
me by M. Darlu of Meaux, M. Chaperon of Strasbourg, M. 
Coquand, director of the Museum of Natural History at Aix 
(Bouches du Rhone), Valz, director of the Observatory at 
Marseilles, M. Maniani of the Rovere de Pesaro, M. Matteucci 
of Rome, and lastly, M. de la Pilaye. The latter thought 
himself authorised in drawing from the differences of appearance, 
altitude, and direction, presented by the observations sent from 
different places, the inference that the phenomenon was really 
at only a rather low elevation within our atmosphere. 

The light of the aurora on this occasion was everywhere red, 
very vivid, and distributed generally in groups, or patches, 
without any apparent connection. At the moment when, at 
Marseilles, it assumed the form of a regular arch, the culminat- 
ing point of the arch was in the magnetic meridian. At Paris, 
my brother academician Savary recognised that the planes, in 
which were included the streamers of a greenish- white which 
from time to time traversed the red zones, all passed through 
the part of the heavens to which the inclination needle pointed. 
The horizontal needle at the Observatory was in a state of con- 
tinual irregular motion, to and fro, during the whole time for 
which this phenomenon lasted. 

I subjoin an extract from the letter of M. Valz ; — 

Towards the pole, there was a light, white cloud, lit up by 
the full moon. When the red tinge reached the cloud, it made 
it share in its own colour, so as to give reason to believe that 
the source of the red hue was between the cloud and the 
observer, and therefore little distant from the latter. It might 
be objected that possibly the red rays might colour the cloud in 
passing through it ; but I remarked that the cloud intercepted 
the view of the stars, which the aurora did not, and thus the 
above explanation is not admissible. 

We have given these few lines from M. Valz’s letter, because 
they point out to astronomers a particular class of observations 
to which, perhaps, their attention has not been directed with 
sufficient care. The very important question of the distance of 
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the seat of the auroral light is not to be solved by an isolated 
observation, the inference from which rests on the hypothesis of 
the lower surface of the cloud having been liorizontaL 

M. Necker de Saussure observed auroras in Scotland at the 
close of the year 1839 and the beginning of 1840, and addressed 
to me an interesting communication on the subject, from which 
I extract the following details : — 

The auroras seen in Skye are far grander, more beautiful, 
and more complex than those seen near Edinburgh. At the 
latter place, they rarely reached the zenith ; in Skye, on the 
contrary, they almost always passed beyond it and overspread 
the greater part of the heavens. 

The aurora of the 3rd of September, 1839, was exclusively 
confined to the south part of the heavens. It is the only in- 
stance of the kind which I ever saw. 

It happened frequently, both at Edinburgh and in Skye, 
that fine displays of aurora occurred on two consecutive 
evenings. 

On three occasions, I saw the aurora commence before 
night ; the columns of vivid white light detaching themselves 
from the yellow and orange tint still prevailing in the west. 
This was at Skye, on the 4th of September, and the 28th of 
October, 1839, and tlie 4th of January, 1840. 

I never succeeded in hearing any particular sound, — even 
during the grandest and most vivid auroras at Skye, where the 
greatest calm and most profound silence reigned. Yet I col- 
lected in the Shetland Islands numerous attestations on the sub- 
ject ; the more remarkable, because they were altogether spon- 
taneous, and in no way influenced by any previous question on 
my part. 

Persons of different conditions and employments, and living 
at places far apart in those islands, were all unanimous in saying 
that when the aurora has a great intensity, it is accompanied by 
a sound which all were equally unanimous in comparing to that 
of the flail when corn is thrashed. 

One of the persons employed under the Edinburgh Com- 
missioners of Northern Lights, in taking meteorological ob- 
servations at the lighthouse at Sumburgh Head, the southern 
extremity of Shetland, and who has consequently the habit of 
exact observation, told me, of his own accord, and without any- 
thing from me to lead him to it, that this noise was always dis- 
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tinctly heard ; and he even added that he had heard it from the 
inside of one of the rooms in the lighthouse when the shutters 
were closed, and had said in consequence that there probably 
was an aurora, which was found to be the case. 

The auroras were several times a'ceompanied by white frost, 
and the majority were followed by heavy falls of snow or rain, 
and by violent gusts of wind and tempests. Thus, in the latter 
respects, my observations would rather tend to confirip the 
generally received opinion in Scotland, that the northern lights 
are the forerunners of bad weather and violent gales. 

I have heard Professor J. D. Forbes say that near Edin- 
burgh the fixed stars, even the largest, never appeared to scin- 
tillate, except when there was an aurora. My own observations 
generally confirmed this remark. It is true the fixed stars do 
not scintillate in these parts, or at least it is only rarely that I 
have seen, in stars of the first magnitude, a slight scintillation. 

In Skye, on the contrary, all the fixed stars are as bright, 
and scintillate as vividly, as in the finest evenings of France 
and Switzerland. It is the same in the rest of the Hebrides, in 
the Orkneys, the Shetland Islands, and generally along the west 
coast of the north of Scotland, and throughout the high region of 
the Highlands. Now, it is to be remarked that in all these parts 
there are no large towns, and no extensive coal-burning factories ; 
the very sparse population of these solitary regions use for fuel 
only turf or wood, of which the very light smoke is immediately 
dispersed, and does not obscure the atmosphere, which is as pure 
as on the Continent of Europe. But in the Lowlands of Scot- 
land, and on the eastern coast, and in the north-cast, where 
pttowns, large villages, and factories abound, and where coal is 
the ordinary fuel, not only do the towns themselves and their 
immediate neighbourhood have their atmosphere darkened by a 
thick smoke which the wind drives in one or another direction, 
but even in the rural districts most distant from the towns, the 
air may still be perceived to be at Jill seasons very hazy, by 
reason of this coal smoke. It is so throughout England, and I 
would even say that having been pretty often at sea in the 
German Ocean, which washes the eastern coasts of the British 
Islands, I have always been struck by the want of clearness in 
the air, and the misty appearance of the shores. Nothing made 
it more evident to me that this depended on the coal smoke, than 
the fact that in looking from the Isle of Arran, and especially 
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from the summits of its mountains, during the finest months of 
spring and early summer, in 1839, while Arran itself enjoyed 
the purest air and most serene sky, the opposite shores (the 
coasts of Ayrshire and Renfrewshire) had constantly over them 
a band of thick vapours, like a long grey cloud rising 1® or 1 
above the horizon.” 

According to M. Cagigal, an aurora borealis was observed at 
Caracas on the 23rd of May, 1840. He remarks that although 
there have been some rare instances of this phenomenon having 
been observed at Cuba and at St. Domingo, he does not think 
that there is any other known example of its occurrence in so 
low a latitude as that of Caracas. 

M. Wartmann has written to me from Geneva, that the 
periodical aurora of the 18th of October again showed itself 
very evidently on the 18th of October, 1841. 

At Paris, MM. Laugier and Goujon saw a well-charac- 
terised aurora on the 12th of November, 1841, about half-past 
eleven. 

An aurora was also seen in France and Belgium, in the night 
between the 6th and 7th of May, 1843. Although it did not 
present anything unusual, yet I will extract from the account 
sent to the Academy, details which, when compared with 
accounts from distant places, may perhaps lead to useful con- 
clusions. M. Quetelct wrote to me as follows : — 

During the daytime of the 6th of May, the march of the 
magnetometer had been very regular, and there was nothing to 
lead to the anticipation of the phenomenon which was to mani- 
fest itself in the evening. After ten o’clock, M. Beaulieu came 
to tell me, before he left for the night, that the needle showed a 
very sensible deviation, and I found it, indeed, in a state of 
extraordinary agitation. I wished to assure myself whether 
this derangement did not coincide with some meteorological 

* [It is singular that this historical summary should contain no mention 
of the remarkable aurora of the 25th of September, 1841, observed simul- 
taneously at Greenwich, at Toronto in Canada, and at Hobarton in Van 
Diemen Island, accompanied by disturbances of unusual magnitude in each 
of the three magnetic elements, observed with appropriate instruments 
at intervals of two minutes and a half for several hours, as well as at St. 
Helena and at the Cape of Good Hope, where the magnetic disturbance 
prevailed, but no aurora was visible. The details of these observations, pub- 
lished shortly after the occurrence of the phenomena, were extensively cir- 
culated throughout Europe and America, and attracted very general atten- 
tion.] — En. 
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phenomenon, and I remarked that the horizon towards the 
north was strongly lit up ; but the light of the moon would not 
yet permit me to pronounce as to the existence of an aurora. 

^‘Whilst I was pursuing my observations at the magneto- 
meter, which continued to be disturbed, they came to tell me that 
there was something extraordinary in the sky towards the south 
(this was at 11^, 12“, Mean Time). In the midst of a perfectly 
serene sky there was seen a kind of whitish cloud, of an elliptic 
shape, situated in the meridian, and at an altitude of about 60°. 
The cloud varied every instant in size and in brightness; its 
abrupt changes had something in them fatiguing to the eye, 
alternating from the faint light of the Milky Way to the strong 
illumination of a white cloud nearly effacing the light of the 
brightest stars situated in the same direction ; whilst its outline 
was always undefined. I thought I saw in this phenomenon 
the kind of luminous cloud which generally accompanies very 
intense auroras; and on looking to the north I saw that it 
was indeed very vividly illuminated, and bright streamers were 
darting upwards to a considerable height in the magnetic 
meridian. 

As I had no one with me, and desired while observing the 
phenomenon also to follow the increasingly deviating indications 
of the magnetic instruments, it was impossible for me to obtain 
a view of all the circumstances. About twenty-four minutes 
after eleven the light which had shown itself in the south and in 
the meridian had entirely disappeared ; and soon afterwards the 
northern part of the sky also returned to its ordinary state.’’ 

This aurora was seen at Paris from a quarter before to a 
quarter after eleven ; its light was sufficiently powerful to vie 
with that of the full moon, which had not yet descended below 
the horizon. Two whitish arches were seen, through which the 
stars were visible. At Rheims differently coloured rays were 
seen. In the neighbourhood of Dieppe M. Nell de Breaute, 
corresponding member of the Academy, saw in the north verti- 
cal bands very slightly tinged with orange. 

On the 8th of December M. Colla, at Parma, saw a very 
fine aurora of a reddish colour, the elevation of which, at its 
most convex part, might be about 6 or 7 degrees. From it 
rose a luminous column of a yellowish colour, nearly in the 
direction of the meridian. White spherical-looking patches 
were, moreover, seen towards the south. The phenomenon 



AURORA BOREALIS. 495 

was accompanied by a considerable magnetic perturbation of 
more than 18'. 

Oil the 29th of December, at eight in J;he evening, an aurora 
of short duration was seen by M. CoUlvier-Gravier. 

We now come to 1847. 

A brilliant aurora showed itself in the night of the 24th in 
the 25th of October. It was observed in the north of Grer- 
many, at Paris, in the Departement de Tlndre, at Bourges, at 
Parma in Italy, at Cadiz in Spain, and at Mount Eagle in Ire- 
land. Its appearances were very variable. 

AtLeipsig, very prolonged rays formed, by their intersection, 
what it has been agreed to call the cupola. 

At Paris, M. Faye remarked a whitish curtain, and a little 
above it a large grey cloud, which rose gradually, continually 
varying in its forms. 

M. Faye, the Leipsig observers, &c., report that there rose 
from the horizon luminous streamers of a very well characterised 
apple green ; but as these were bordered on cither side by very 
vivid rose colour*, the green may be supposed to have been an 
effect of contrast, 

M. Faye saw with astonishment the fall of some widely 
scattered drops of rain ; the zenith only was clouded, 

M. Goujon satisfied himself that the aurora was attended 
by a great deviation of the Observatory needle. M, Colla 
observed the same effect at Parma. 

M. Demidoff, at Cadiz, remarked that the luminous clouds 
always remained separated from the horizon by a zone of 
entirely clear sky, in which no more luminosity was seen than 
in any other point in the heavens ; there is also reason to note 
the permanence and immobility of the same clouds when they 
had ceased to be luminous. 

Mr. Cooper, at Mount Eagle in Ireland, saw some beautiful 
rose-coloured beams ; they were paler towards the north, and 
were quite colourless to the east and west of north. The phe- 
nomenon was of great extent, and the point of convergence of 
the beams was not, on this occasion, in the magnetic meridian. 

M. Coulvier-Gravier saw an aurora on the 1st of November, 
between nine and eleven o’clock. 

On the 17th of December, thirty-five minutes after seven in 
the evening, when the moon shed a bright light, M. Rigault 
and several other persons, at La Ferte-sous-Jouarre, saw an 
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aurora. It consisted of four patches of bright red, between the 
Great Bear and the Swan, passing through the Pole-star. 

Our learned brother academician, M. de Gasparin, reported 
his observation of the same aurora as follows : — I was pro- 
ceeding to St. Symphorien-en-Laye (Loire) when I saw the 
sky near the zenith covered by a vast cloud of an intense 
crimson colour, which I might have taken for the reflection of 
a conflagration if I had not been aware (having just come down 
from the heights of Tarare, from whence I overlooked the 
whole country) that there was nothing of the kind. The cloud 
completely resembled those seen in the east a little before sun- 
rise. 

As an aurora is reported to have been seen at Blangy (Seine 
Inferieure) on the same day and at the same hour, the colour 
of the cloud seen by me was probably caused by the reflection 
of the auroral light.” 

The aurora of this date was also observed — at Circy, by 
M. Chevandier ; at Bourges, by M. Levasseur ; at Toulouse, 
by M. Petit ; at Florence, by M. Demidoff. 

A letter from Mr. Littrow informed me that on the 18th of 
October, 1848, an aurora was seen at Kremsmunster, and that 
during tlic time of its appearance the declination of the magnetic 
needle was considerably lessened. 

A fine aurora was seen on the 17th of November at Cifey, 
Havre, Grenoble, Montpellier, Bordeaux, Parma, Venice, Flo- 
rence, Pisa, and Madrid. 

The following particulars were remarked at Montpellier : — 

It was at nine in the evening that the phenomenon reached 
the phase of its greatest beauty. A luminous band, a little 
resembling the first break of day, still occupied about 50 degrees 
of the horizon in the north, and a little more towards the west. 
In the lower part some clouds contrasted by their blackness 
with the light of the sky. Above the clouds a red light, at 
moments very vivid, rose to about 50 degrees of altitude, over 
an extent of 90 degrees in azimuth. The brightness of the 
luminous band increased until half-past nine, when it completely 
effaced the light of the stars in the Great Bear. No interme- 
diate star could be disti^iguished between Polaris, Lyra, and 
Capella. The red clpud, in , the midst of which Lyra shone 
with brilliant whiteness, appeared to vary in place, and to 
undergo changes of intensity. 
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But the most remarkable spectacle was that of the beams, 
or streams of light, which at certain moments darted upwards 
in a nearly vertical direction, vanishing a few minutes later to 
re-appear at other points, and preserving during the whole 
time of their apparition perfect immobimy. Some of these, 
which, as far as the eye could judge, were parallel to the mag- 
netic meridian, reached almost to the zenith. Some among 
them were of a vivid red, and contrasted with the whiteness of 
the rest. 

At ten o’clock beams of light succeeded each other at short 
intervals; but, instead of rising parallel to each other, they 
appeared to diverge from a point situated below the horizon. 
The white light had diminished in intensity ; the red clouds 
had extended themselves towards the west, and embraced a 
space of 150 degrees. The bright star in Aquila shone through 
the red light, which, towards the east, ahnost reached the con- 
stellation of Auriga. 

During this time the magnetic needle was observed with 
care, and we assured ourselves of a deviation towards the 
east of more than 1 degree. The needle showed not abrupt 
shocks, but slow and irregular variations. The aurora con- 
tinued until the twilight of the morning made its last traces 
disappear.” 

The facts observed at Pisa are of great importance, and I 
therefore subjoin the whole of the letter Avritten to me by 
M. Mattcucci: — 

Permit me . to send you the description of a very fine 
aurora which showed itself on the evening of the 17 th with 
some rather singular circumstances* 

The sky was clear, and the stars shone brightly : for some 
days past the temperature of the air had been colder than is 
usual at this season. I had just passed through the town in 
going to the office of the Electric Telegraph, situated at the 
railroad station. As I went I had seen three very brilliant 
shooting stars pass over the sky in different directions ; on the 
northern quarter a stratum of very thin clouds rested on the 
horizon, rising from 15 to 20 degrees above it, and diminishing 
in density in ascending. Nearly at half-past nine o’clock we 
were surprised, at the Telegraph Office, by the sudden suspen- 
sion of the performance of the apparatus, which had been per- 
fectly good throughout the day ; the same thing happened at 

K K 
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the same time at the Florence Station. We' tried to get it to 
work by increasing the strength of the current^ and by other 
meaps; but in vain. Froni time to time the needle moved by 
starts, and stopped again abruptly. The phenomena were 
exactly similar to Ikse which take place during a thunder- 
storm. 

At fifty-five minutes after nine I went outside the office in 
order to observe the state of the sky, which I found continued 
clear, and I was struck by a reddish light in the northern 
quarter, above the clouds. I immediately asked the sentry 
how long it was since this light had appeared, and was told 
that it had begun to be seen a quarter of an hour before. I 
ran home as quickly as I could, in order to be able to observe 
the phenomenon better from a terrace about 130 feet high. 
The light continued to increase, both in intensity and extent, 
until half-past ten, when it was of a very intense sanguine red 
colour. The arrangement into the form of an arch, described 
in the greater number of observations of aurora, was not seen 
in this case. Instead of it there were large clouds of a more or 
less vivid red, sometimes detached and sometimes united, 
spreading from the north towards the east, and sometimes 
mounting to the zenith. I twice saw a long beam of lemon- 
coloured light rise through the red cloud, and issue from it, 
having its summit in the direction of the magnetic meridian. 
During the two or three minutes for which this beam lasted, it 
seemed to have a motion of alternate lengthening and contract- 
ing. Stars of the first magnitude were the only ones which were 
visible through the red auroral light. A very brilliant shooting 
star traversed the light in the direction from north to east, and 
almost parallel to the horizon. Gradually the red light dimi- 
nished in intensity as it spread towards the east, and ten 
minutes before eleven o’clock it had completely disappeared. 

The sky, towards midnight, became covered by a slight 
mist. While the aurora lasted the barometric pressure was 
30*"*1718; the thermometer was 40® *7 Fahrenheit ; Saussure’s 
hygrometer marked 89®, and the wind was light from the south- 
west. 

The aurora had commenced before I put up the flame 
electrometer for atmospheric electricity on the terrace. During 
several minutes I obtained very strong indications of positive 
electricity; the leaf did but just touch the negative pillar. 
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detach itself, re-touch it again, and so on. After midnight the 
indications of electricity had become scarcely sensible; the 
elcctro-magnetic instruments, which, until midnight, had ceased 
to act, resumed their ordinary march without the slightest 
alteration having been made either in the batteries or in the 
other apparatus.” 

M. Colla reported from Parma that the greatest brilliancy of 
the aurora occurred between ten and half-past ten. At certain 
moments it almost reached the zenith ; it extended in a hori- 
zontal direction for more than 150®. 

He added: — ^^The magnetic needle, by its extraordinary 
variations, had predicted the aurora some hours beforehand ; 
the declination had sometimes diminished nearly a degree, and 
near midnight the diminution even exceeded a degree. While 
the aurora was most considerable the needle was in continual 
movement. The magnetic disturbance was renewed on the 
following day.” 

Mr. Highton, telegraphic engineer of the London and North 
Western Kail way, on the occasion of this same aurora, remarked 
the considerable action exercised on the electric telegraph. He 
says: — A telegraph passing through the Watford Tunnel, 
and of which the wires extend 1300 feet beyond the tunnel on 
one side and 2600 feet on the other, was rendered entirely 
useless for three hours. The magnet was constantly thrown 
back on the same side. Such an effect from auroras is usual. 
It has sometimes shown itself in the daytime, when no aurora 
was visible; and in one case I was able to follow its action 
from Northampton, through Shapstone, to Peterborough, on 
the Eastern line to London.” 


CHAP. XVIT. 

CONCLUSION. 

Sometimes an interval of several successive years elapses, in 
which, in the temperate regions, few or no auroras are seen, and 
in which, in the polar regions, their frequency is proportionally 
diminished. The true cause of Uiese vicissitudes is entirely un- 
known to us ; but is not this an additional reason for carefully 
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noting all circumstances connected with the appearances of so 
singular a phenomenon? As the scientific journals which record 
in different countries the auroras seen there, are not accessible 
to the greater number of physicists, I have thought it useful to 
science to publish tables which I had at first drawn up solely 
for my own private use. 

I think the inquiry which I have gone into in the present 
notice, can leave no remaining doubts as to the intimate con- 
nection of aurora borealis and magnetism, and that this magni 
ficent luminous phenomenon is thus seen to connect itself with 
electricity. It has just been seen by the reader that the action 
which from 1819 1 had announced as exercised both by visible 
and by invisible auroras on the magnetic needle, also makes its 
influence sensible on the electric telegraph. My discovery can 
no longer be contested. I should add, however, that so early as 
1827, I had established from the comparison of the movements 
of the magnetic needles at Kasan, St. Petersburg, Berlin, 
Freiberg, and Paris, that there is a simultaneity of^ action of 
the aurora borealis on the whole of terrestrial magnetism. 
According to the fine expression of my friend Alexander von 
Humboldt, the magnetic tempests announce themselves 
the perturbations of the magnetic needle, even when no traces 
of their luminous manifestation are seen on the celestial vault.” 



INDEX 


1. THUNDER AND LIGHTNING. 
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Sounds attributed to the aurora, 397. 449. 491. 
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cuts, price 78. 6d. 

Brodie,— Psychological Inquiries, in a 
Setles of Essays intended to illustrate the 
Influence of the Physical Organisation on 
the Mental Faculties. By Sir Benjamin 0. 
BeoM, Bart., D;0.k, Corre- 

sponding Meni^br of to Institute of France, 
Ab. Second Edition. Fop. Svo. 6s. 
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Buckingbain,-^^Aiitol)i0g3raphir<if ifm^ 

Silk. Buckinglifti&': Btoludiiig his Yoj^sges, 
Travels, Adventiu'efi, SpeoUlatitoiig, Suc- 
cesses, and Failure^, fraucly aud f&ithfuUy 
narrated j with Oharactferistio ' Sketches ' of 
Fuhlxo Men with whom he has had- personal 
intei-courso during a pmod of moi’e than 
Fifty Years. Vote. I. and II. post 8vo. 
price 21 b. * 

Bjill. The Materaal Management of 

Children in Health and Disease. By 
T. Btriii, M.D., Member of the Eoyal 
College of Physicians j formerly Physician- 
Accoucheur to the Finsbury Midwifery 
Institution. New Edition. Fop. 8vo, 5s. 

Dr. T. Bull’s Hints to Mothers on the Manage- 
ment of their Health during the Period of 
Pregnancy and in the Lying-in Boom : With 
an Exposui’e of Popular Errors in connexion 
with those subjects, &c. ; and Hints upon 
Nursing. New Edition. Fcp. 8vo. 5s. 

Bunsen. — Christianity and Mankind, 
their Beginnings and Prospects. By 
CiiHiSTrAN CnAULEa JosiAS Bunsen, D.D., 
D.C.L., D.Ph. Being a New Edition, cor- 
rected, remodelled, and extended, of Uip^ 
pobjias and his Age. 7 vote. 8vo. £5. 6s. 

This Second Edition of the ii composed of 

three dietiuct works, wiiich may be had separately, as fuUows 

1. Ilippolytus and hie Age ; or, the Beginninge and Prospects 

uf Christianity. 2 vols. Svu. price £1. lOe. 

2. Outline of the Ptillosophy of TJnivereal History applied to 

Language and Religion : Containing an Account of the 
Alphuhcticdl Conferences.' 2 vols. bvo. price £1. 19s. 

3. Analecta Antc-Nicaena. 3 vols. Uvo. price £2. 2i. 

Bunsen. — Egypt’s Place in Universal 

History; An Historical Investigation, in 
Five Books. By 0. 0. J. Bunsen, D.D, 
D.O.L., D.Ph. Translated from the Gor- 
man, by 0. H. CoTTBELii, Esq. M.A. 
With many Illustrations. Vol. I. 8vo. 28 b. j 
V ol. II. 8vd. 80fl. 

Bunsen.—Lyra Gennanica: Hymns for 

tlie Sundays and chief Festivals of the 
Christian Year. Translated from the 
G orman by Oatheeine Winkwoeth. Fcp. 
8vo. 68. 

This selection of German Hymns has 
been made from a collection published in 
QermSny by the Chevalier BvnseNj and 
forms a companion volume to 

Tlieologia Gomanioa: Which setteth fo^ 
many fair lineaments of Divine Truth, and 
saith very lofty and lovely things touching 
a Perfect Life. Translated by SttsANna i 
WiNKWOEm With a Preface by the Bev. 

^ Charles EiiTf ale?? i and a Letter by Cheva- 
lier Bunbeit. Becond Edition. Fop.8ro.5s. 


Burton.*^Th8 History of Soptland, from 
the BeVolution to the Extinction of the last 
Jacobite Insurrection (1689—1748). By 
JoAlf Hill Burton. 2 vote. 8vo. 26s. 

Burton (R. P.)-Personal Narrative of a 

Pilgrimage to EteMedinah and Mecoah. By 
Bichaei) F. Burton, Lieutenant, Bombay 
Army. In Tlxree Volumes. Vols. I, and II. 
BL^MISB and EL-MEDINAH ; with Map 
and Hluatrations. Vote. I. and II. 8vo. 28s. 

*** Vol. III. MECCAH, is m the press. 

Bishop Butler’s General Atlas of Modem 

and Ancient Geography ; oomprisine Fifty- 
two full-coloured Maps j with complete In- 
dices. Now Edition, nearly all re-engraved, 
enlarged, and greatly improved j with Cor- 
rections from the most authentic sources in 
both the Ancient and Modern Haps,, many 
of which are entirely new. Edited by the 
Authors Son. Boyal 4to. 24 b. half-bound. 

r The Modern Atlas of 28 AiU->col(mre(l Mips. 

J Kojral 8vo, price 12«. 

separately. < The Ancient aOos of 24 ft»»-colourcd Maps. 

L Royal Sro. price i2s. 

Bishop Butler’s Sketch of Modern and 

Ancient Geography., New Edition, tho- 
roughly revised, with such Alterations intro- 
duced as continually progressive Discoveries 
and the latest Information have rendered 
necessary. Post 8?o. price 78. 6d, 

The Cabinet Gazetteer: A Popular Ex- 

positipn of all the Countries of the World j 
their Govorament, Pqpulation, Bevenues, 
Commerce, and Industries; Agricultural, 
Manufactured, and Mineral Products ; Be- 
ligion. Laws, Manners, and Social State : 
With brief Notices of their History and An- 
tiquities. From the latest Authorities. By 
the Author of The Cabinet Lawyer. Fcp. 8vo. 
price lOs. 6d, cloth ; or 13s. calf let.tercd. 

The Cabinet Lawyer : A Popular Digest 

of the Laws of England, Civil and Criminal ; 
with a Dictionary of Law Terms, Maxims, 
Statutes, and Judicial Antiquities ; Correct 
Tables of Assessed Taxes, Stamp Duties, 
Excise Licenses, and Post-Horse Duties ; 
Post-OiBco Begulations, and Prison Disoi-^ 
pUne. 16th Edition, comprising the Public* 

. Acts of theScssion 1854. Fcp. 8vo. IGs. 6d. 

Caird.-English A^culture in 1S5G and 
1851} Its Condition* and Prosp^ts. By 
James Caied, Esq., of Baldoon, Agricultural 
Commissioner of fhe Times* The Second 
Edition. Svo. price 148. 





PipayeM, Bioti|kt», and S(Wig8 oa ^etaral 
OccaBioiiB (A a Matroa'a life. By the Bev. 
WiitiUM OAXtaaT,< Mmoif Canon of St. 
Paul’s. Ornamented from Designs by the 
Author in the otyle of ^ueen Mliimeth't 
Fraper FooF, Oi^owh 870. price lOs. 6 d. 

**Tlus riegant volume is admirably adapted 
for a wedding gift, and will, no doubt, in tliat 
character alone, obtain a ^at run of popu- 
larity. It is all that a book of this kind ought 
to be.” • fohn BuU* 

Carlisle (Lord).— A Diary in Turldsh and 

Greek Waters. 3^ ihe Eight lion, tlio 
SarlofCABLisiiS. fifth Edition. PostSvo. 
price 10s. 6d. 

Catlow.— Popular Conchology; or, the 

Shell Cabinet arranged according to the 
Modem System i With a detailed Account 
ol the Animals ; and a complete Descriptive 
List of the Families ahd Genera of Becent 
and Fossil Shells. By Agnes Oatlow. 
Second Edition, much improved \ with 405 
Woodcut Illustrations. Post 8vo. price 14s. 

Cecil.— The Stud Farm; or, Hints on 

Breeding Horses for the Turf, the Chase, and 
theEoad. Addressed to Breeders of Bace 
Horses and Hunters, Landed Proprietors, 
and especially to Tenant Farmers. By 
Oeoii. Fcp. 8vo. with Frontispiece, 6s. 

Cecil’s Becords of the Chase, and Memoirs of 
Celebrated Sportsmen; Illustrating some 
of the Usages of Olden Times and comparing 
them with prevailing Customs: T^etherwith 
an Introduction to most of the Fashionable 
Hunting Countries ; and Comments. With 
Two Plates by B. Herring, Fop. 8vo. price 
7s. 6d. half-bound. 

Coil’s Stable Practice; or, Hints on Training 
for the Turf, the Chase, and the Boad; 
with ^bservatioiis' on Baring and Hunt- 
ing, Wasting, Bace Biding, and Handi- 
capping : Addressed to Owners of Bacers, 
Hunters, and other Horses, and to all who 
are concerned in Bacing, Steeple Chasing, 
and Fox Hunting. Fcp. 8vo. with Plate, 
prioe 6s. halfobotmd. 

The Ce^ns of Croat Britain in 1861; 

Comprising an Account of the Hnmbers and 
Distribution of the People; their Ages, 
Conjugal Condition, Oooupations, and Birth- 
plaoe; \yith Returns of the Blind, the 
Deafand^Dumb, and the Inmates of Public 
Institutions; and an Anai^tioal Xadet. 
B^inted, in a condensed fonn^ from the 
^mcial B^rts and Tables* Royal 8vo. 6s. 


0!t tfa6Btoio&^4&4 Contrast 
of Coloun, and tb^'lpjdksation. to the 
Ariiat Including Painting, Interior Deeora- 
tbn, Tapestries, Carpets, Mosaics, Coloured 
Glaring, Paper Btainb^, Calico Printing, 
Letterpress Printing, Map Colouring, Dioss, 
Landscape and Flower Gardening, &c. 
Translated from the French by OHABise 
Mabtei. Second Edition ; with 4 Plates, 
Crown 8vo. lOs. 6d. 

Clinton— Literary Remains of Hen^ 

Fynos Clinton, M.A., Author of the Fasti 
Heltenicii the Fasti Uomam^ &c. : Comprising 
an Autobiography and Literary Journal, 
and brief Essays on Theologicri Subjects. 
Edited by the Bev. 0. J, F7NBS Clinton, 
M.A. Post 8vo. 9s. 6d. 

Conversations on Botany. New Edition, 

improved ; with 22 Plates. Fcp. 8vo, price 
7s. 6d. ; or with the Plates coloured, 12s. 

Conybeare.— Essays, Ecclesiastical and 

Social : Beprinted, with Additions, from tho 
Edinburgh Review, By the Bev. W, J. 
CoNYBBAEB, M.A., lato Foliow of Trinity 
College, Cambridge. 8vo. 12s. 

Conybeare and Howson.— The Life and 

Epistles of Saint Paul: Comprising a 
complete Biography of the Apostle, and 
a Translation of his Epistles inserted in 
Chronological Order. By the Bev. W. J. 
OoNiBBABE, M.A., late Follow of Trinity 
College, Cambridge; and the Bev. J. S. 
Howson, M.A., Principal of the Collegi<ito 
Institution, Liverpool. With 40 Engravings 
on Steel and 100 Woodcuts. 2 vols. 4to. 
price £2. 8s. 

* 

Copland. — A Dictionary of Practical 

Medicine : Comprising General Pathology, 
the Nature and Treatment of Diseases, 
Morbid Structures, and the Disorders es- 
pecially incidental to Climates, to Sex, and 
to the different Epochs of Life ; with nume- 
rous approved FormulcS of the Medicines 
recommended. By Jambs Copland, M.D., 
Consulting Physician to Queen Charlotte’s 
Lying-in Hospital, &c, V ols. I. and II. 8 vo. 
pnce£S$ and Parts X. to XTt4iS.6d. each. 

Cresy»— An Encyclopedia of Civil Engi- 

neoring, Historical, Tbebrefcickl,ind Practical. 
By BdwaBD OBebt, F.S:A., O.E. Illus- 
trated by upwards of 8,000 Woodcuts, 
explanatory of the Principles, Machinery, 
And ConStntoUOif# borne under tho 
direction of. ibo C^v6^ Bblgiueer. 8vo. 
price £8.1^1. Odv^ 
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The pirj tbf 

Hisfcoiy of tho, 0a])»e of Orickefc. % the 
Author of JPnfudpki Skdent^m Siting, 
Second Wition, greatly improted; vith 
Plates and Wboddntsi JPcp. Sro* price gs. 
half-boiuni 

Lady Ousts Invalid's Book, r- the In- 
valid’s Ovrn Book \ A Ooileotion of Bedpos 
from various Books and various Oountttes. 
By the Honourable Laut Cubt. Fcp. 8 yo. 
price Ss» 6d. 

Dale.— The Domestic Liturgy and Family 

Chaplain, in Two Parts t The First Part 
being Church Services adapted for Domestic 
Ufce, with Prayers for every day of the week, 
selectodexclusively fromtheBoOk of Common 
Prayer j Part II. comprising an appropriate 
Sermon for every Sunday in the year. By 
the Rev. Thomas Dale, M.A., Canon Resi- 
dentiary of St. Paul’s. Second Edition. 
Post 4to. price 218. cloth j Sis. 6d. calf ; 
or £2. 10s. morocco. 

Separately [T=*PamiitChapiaik 12,. 

t THBDOMESTICLlTTJ»aT,l0s.6d. 

Davy (Dr. J.) — The Angler and his 

Fnoncl j or, Piscatory Colloquies and Push- 
ing Excursions. By John Davy, M.D., 
F.R.S., &c. Fcp. 8vo. price Gs. 

Delabeche. — The Geological Observer. 
By Sir Hbney T. Deiabeohe, F,R.S., lafo 
Director-Qcneral of the Geological Survey of 
the United Kmgdom. New Edition j with 
numerous Woodcuts. 8vo. price 18s. 

Delabeche.— Beport on the Geology of 
Comyall, Devon, and West Somerset. By 
Sir Henhy T. Delabeche, F,R.S., late 
Director-General of the Geological Survqy. 
With Maps, Woodcuts, and 12 Plates. 8vo. 
price 14s. 

De la Rive.-A Treatise on Electricity, 

in Theory and Practice. By A. Db la Bivb, 
Professor in the Academy of Geneva. In 
Two Volumes, with numerous Wood En- 
gravings. Vol. 1. 8 to. price 18s, 

Dennistoun. Memoirs of Sir Robert 
strange, Knight, Engraver, Member of 
sover^ foreign Academies of Design ; and 
of Ids Brother-in-law, Andrew Lumisden, 
Private Secretary to jthe Stuart Princes, and 
Author of Jniiftdim of Rom 0 * By 
James Dennib^un, of Dennistoun. 2 rols. 
post 8 to. with Illustrations, 218, 

By tha AoUtorof "Letters ^ 

to my Second 

Edition, enhu^ed. 18 iu0k prioa gia* 


t 


i;wtl8lce.~Haterial8 for Bifttory of CU 
|y Chasms h<m Esimits, 
FR.S., F.S.A., President of tlie Royal 
Academy. 8vo. price 16s, 

The loUpse of Faith ; or, a Visit to a 

Rehgions Sceptic, ftAMiwn. Fcp.8vo.5s. 

A Befenoa of The Edij^e of Faith, ito 
Author: Being « Rrioinder to Promssor 
Newman’s ; Including a fuU Exami- 
nation pf that Writer’s Criticism on the 
Oliaracter of Christ ; and a Chapter on the 
Aspects and Pretensions of Modern Deism. 
Second JEdtiion, revised, i^st 8vo. Ss. 6d, 

The Englishman's Greek Concordance of 

the New Testament : Being an Attempt at a 
Verbal Connexion between the 'Greek and 
tlie English Texts ; including a Concordance 
to the Proper Names, witii Indexes, GrOek- 
English and EnglishoGreek. New Edition, 
with a new Index. Royal 8vo. price 42s. 

The Englishman’s Hebrew and Chaldee Con** 
oordance of the Old Testament : Being an 
Attempt at a Verbal Connection between 
the Original and the English Translations } 
with Indexes, a List of the Pi'Oper Names 
and their Occunences, Ac. 2 vols. royal 
8vo. £3. IBs. 6d. ; large paper, d54. 14fS. 0d. 

Ephemera.— A Handbook of Angling; 

Teaching Fly-fishing, Trolling, Bottom- 
fishing, Salmon-iUhuig; with the Natural 
History of River Fish, and the best modes 
ofCatcliingthem. ByEpHEMEBA, Third 
and cheaper Edition, corrected atid im- 
proved } with Woodcuts. Fop, 8vo, 6s. 

Ephemera. -The Booh of the Salmons Com- 
prising the Theory, Principles, and Prac- 
tice of Fly-fishing for Salmon; Lists of 
good Salmon Flies for every good River in 
the Empire j the Natural History of the 
Salmon,, all its known Habits described, and 
the best viray of artificially Breeding it ex- 
plained. With numerous coloured Engrav- 
ings. By Ephemera ; assisted by Ai^dbew 
T otTNa. Fcp. 8vo. with coloured Plates, 
price 14 b» 

W, Erckine, Bfift.— History of Mia 

under B4ber and Hum4yun, the First Two 
Sovereigns of the House of Taimur. By 
WHiLiAM Ershine, Esq. 2 roll. Syo. $2j. 

Faraday (Professor). - The StJbject- 
Matter of Six Lectures on the Non^ehdHc 
Elements, delivered before the Melobers 
of the Royal Institution, by ProSsSsor 
Fabahay,D.O.L.,F.RS.,Ao. Arranged by 
permission from the L^turmfs Note! by 
J, ScoFPJiRN, M.B, Fop. 8 t<^ j^rioe 6s. 6d. 
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IVanois. — Anaalit, ‘ Aneedotes,' and 
Legfendsi A Ol^Mnidle of JASb Afittrance* 
B5^ JoHir I&A3roiB« Post 8ro. En, 6d. 

Fraiiois. *-01110010100 and Cbaroctofs of the 
Stock By jQBir FftAisrciB. l^ew 

Bdition^ roTiood* Sro. IO0. Od. 

<!(Utoti— Jiogic for the Million: a 

Pamilisr ExpOBition of tbo Art of Beasoning. 
By J. W. (JiLBABT, F.B.S. 4th Edition ; 
with Portrait of the Author. 12mo. Ss. 6d. 

Oilbart,— Logic for the Young: conoisting of 
Twenty-fiyel^ssons in the Art of Eeaaoning. 
Selected from the Loffic of Pr. Isaac Watts. 
By J. W. Giibart, E.B/.S. 12mo. Is; 

The Poetical Works of Oliver Goldsmith'. 
Edited by Bolton Cobnxn, Esq. Illustrated 
by Wood Enmrings, itom Designs by 
Members of the Etching Club. Square 
crown 8to. dothi Sis. j morocco, £1. 16s« 

Gosse. — A Naturalist's Sojourn in 
Jamaica. By P, H. Gossn, Esq. With 
Plates. Post Svo. price 14s. 


Ean^jtoh.~Tli8;|^t of ,{l|e. Forge (^or, 

ConOieb Jick'Bed of i. M. 

% the Het. W. iCAhiWNo H.A*t Dome 
Chwlain to the Duchess of Cam' 

bridge. !l?cp. 8 to. pri<^ 

Harfy Hieorer.^, Stable Talk anid Table 
Talk} or, Spectacles for Young Sportsmen. 
By Harbt Hisotbb. New Edition, 2 tcIs. 
Svo. with Portrait, price 24s. 

Harry HieoTOS.— The Hunti^-Pleld. By Hany 
Hibotbb. With Two Plates, Pep. Svo. 
5s. half-bound. 

Harry Hieover.-*PraeUoal Horeeuanshlp. By 
Harby Hiboybb. •With 2 Plates. Pep. 
Svo. price 6s. half-bound. 

Harry Hieover.~Tho Stud, for Praotioal Pui’- 
poses and Practical Men : being a Guido 
to the Choice of a ITorso for use more than 
for show. By Habey Hibovbe. With 2 
Plates. Pop. Svo. price 5s. half-bound. 


Mr. W. R. Gref's Contributions to The 

Edinburgh Be^w,— Essays on Political and 
Sodial Science. Contributed chiefly to the 
Bdinbwgh Review, By WlLLIAHC B. GbBO. 
2 vols. Svo. price 24s. 

Gurney.’-Historical&kotches; illustrat- 
ing some Memorable Events and Epochs, 
from i.D, 1,400 to A.I). 1,646. By the Bev. 
J. HAitpnEiir Gubkbt, M.A, Pep. Svo. 
price 7s. 6d. 

Chimey.—St Louis and Henry IV.: Being a 

Second Series of Historical Sketches. 
By the Bev., J. PLaupdbn Gobnby, M.A. 
Pep, 8vo. 6s* 


Ptistorioah^^eoretioaL and Practical. By 
Joseph Gwily; With more than 1,000 
Wood EnmyinPi from Besignt by J. S. 
Gwilt. mnlEdition* $to. 42b. 

Hamilton.— Siseussio^ in Fliilosophy 

add literature Education and Dniversi^ 

Bribrihi 

. coiteei^ vindldutech ehlarged; in Botes and 
Appendices. ' By Sir WHiZXIH Haiciltok, 
Bart, Second Edition. Svo. price 21 b. 


Hsir»j|^6b#j^(>n)«-^Tb6Li& of Ziuthor, 
ht aistorWSnjpratii^ By 
With 

. . JIabb and IfW- 

woBitfr, Square crown Svo. . / - 

{Tntheprd», 



Barry Hi 60 ver.~The Pocket and the Stud; or, 
Practical Hints on the Management of the 
Stable, By Harry Hieoveb. Second 
Edition j with Portrait of the Author. Pop. 
Svo, price 6s, half-bound. 


Hassall (Dr.)-Pood and its Adultera- 
tions ; Comprising the Beporls of tlif* Ana- 
htical Sanitary Commission of The < f 
fop the Years 1861 to 1864 molusive, levwcd 
and extended. Bv Arthur Hill Hassall, 
M.D , &o,p Chief Analyst of the Commission ; 
Author of The Microecopcal Anatomy vf the 
i^Muman Body, Svo, with 159 Woodcuts, 
price 28s* 


Col. Hawker’s laslraotions to Yonng 

Spoxtsmeu in all that relates to Guns and 
Shooting. 10th Edition, revised and brought 
down to the Present T’ime, by the Author’ 
Son, Major P. W. D. Hawker, With a 
New Portrait of the Author, from a Bust by 
W. BehaeSy Esq. f and numerous explana- 
tory plates and Woodoutc. Svo, 21s. 


Haydon.-Theliife of Bet^antln Bobcit 

%yd(^ji Hietorieal Painter, from his Auto- 
biograpfy and Journals. Edited and com- 
piled by Tgh Taylor, M,A., of the Inner 
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chiefly tko B^ootde of tiao ^Hic 
QSUsea* ^ogeihor with fche Sorereigni of 
BuropiE^ flwzo thoioiu^daticim of ihm re- 

r iTO th« peerage andKolflUt^p of 

t Britain, and numoronf oth^ Ii&ts. 
Being a Kew Edition, improved and oonti- 
piuod, of Beataon^a Political Index. By 
JosBipaHaimir. 8vo. prioeflSa. half-bound. 


Sir John aergobdl.'-^OatliBes of Astro- 

nomy. By Sir JoHif F. W. HB^soigtii., 
Bart. &o, Bew Edition ; with Flatea and 
Wood Engravinge. 8vo. price ISa. 


Hill.~Travfllfl In Siberia. By S. S. HIU, 

Esq., Author of Tfavels on i/ig Shores 
ike Mite. With a lajge coloured Map of 
European and Asiatic Bussia. 2 vols. post 
8vo. price 248. . 


Sardena; w,4 Papto 

• &il4e to thO'Boyal Botank of 

F.B.A^i and Ii,S., &e. Ac. 
Duietor. 3SFe^ Edition ) with num^Q^u 
Wood EPipfathSgs. Iflmo. price Sixpence. 


of Eeoil0|nlo Botany; or, a 
Popular Ouido to ine UeoM and Bcmark- 
able yegetaMo Products of the Musetm; in 
the Boyal 6al?deni of Kew. By Sir W. J. 
HookbU, K.H., D.0,B. Oxon, P.It A. and 
L.S. &c., Director. With 29 Woodottta# 
16mo. price I9. 


Home’s Introdaciioa to the Crttilcal 

Study and Knowledge of the Hojy S^ip- 
tnres. A New Edition, revised, correct^, 
and brought down to the present time, by 
T. Hautwhlp Sobnb, B«D* (the Author) i 
the Bev4 Samttbii BlAViniiOW, D.p., of tlxo 
University of Halle^ and LU.D.j ai^ S, 
PaioEArx TnsaxLiEO, UD-D. 4 vols. Svo. 

[Li ike frees. 


Hints on Etiquette and the Usages of 

Society: With a Glance at Bad Habits. 
New Edition, revised (with Additions) by a 
Lady of Rank. Pcp.8vo. price Half-a-Orown. 

Lord Holland’s Memoirs.— Memoirs of 

the Whig Party during my Time. By 
Hbney Riohaed Loed Hoiiand. Edited 
by hisSon, HeeetEdwabd LoedHoliand. 
Vols. I. and II. post 8vo. pnee 9s. 6d. each. 

Holland.— Chapters on Mental Physio- 
logy. By Sir Henet HoLiAEn, Bart., 
P.R.S., Physioian-Extraordin^ to the 
Queen ; and Physician in Ordinary to His 
Royal Highness Prince Albert. Pounded 
chiefly on Chapters contained in Medtetui 
Notes and ^flections the sanie Author., 
8vo. price 10s. 6d. 

Hook.-The Last Days .of Our Lord’s 

Ministry: A Course of Lectures, on the 
principal Events of Passion Week. By 
theRev.W. P. Hook,D.D. NwldHiou. 
Pop. 8vo. price fls. 


Home. -A Compendious Intreduotion t4 the 
Study of the Bible. By the Rev, T. Hast- 
lysni* Hoenb, B.D. Being an Analysis 
of his IniroduoHoft fa the Cmkaf Smify a»i 
Knowledge of the Holy Senphtres. Hhw 
Edition, with Maps and other Engravings. 
12mo. 9s. ' * 

Home.** The Communioant's Companion: Com- 
pniing an Historical Essay on the Loi^d*s 
Supper; Meditations and Prayers for the 
use of Communtcanfs ; and the Order of the 
Administration of the Lord^s Supper or 
Holg Communion. By tlie Rev, T. IIaet- 
WEin Hoenb, B.D. Royal 82mo. 2s. fld. j 
morocco, 4s. 6d. 

How to Horse ffick Children : Intended 

especially as a Help to the Nurses in the 
Hospital for 8ick Children 1 but containing 
Directions of service to all who have the 
charge of the Koung, P^. 8^0. Is. Odi 

Bowitt (A. U.)-An Ar^^tdd^&l in 

Munich* By Anka Maet Howxtt. 2 
vols. post 6vo. pric^ I#|. 


Hooker and Anlott.’-The Brltfeb Flora ; 
Comprising the PhaenogamousorPlowming, 
Plants, and the Perns, Seventh Edition, 
with Aditions apd Oorrectionaj and nu.^ 
merous Figures illustrative of the UmbellL 
ferous Plmits, the Composite the 

Grasses, and the Pems. Ry fife W*^ S, 
Hooto, P.B.A. and L,S.> and 0. A. 

WAPimuKkinori^, IiL.D*» P.L.S, IteQ. 
with )t prioo with fhe ipte 
coloured^ pride 21s. ' 


Bawltt^TiieOhU^fen^Foar* ByMaiy 
Hqwitt. With Rons Illustrations, from 
Dfeigns by Avka Mabt Howttt/ %uare 
16mo. 5s. 


Howltit.-l4nd, Laboar, and 



ptioeStl. 



io 




Howitt.-*Vteit to Rem^rkaUe Places: 
Old Halls, BatiJe-Flelds, andSctenesilltts^-. 
fate of String Passage* in Hi^sh Hiti^ 
andF^tyy^^VTJ^tiMAJtHoWOT. With 
nnmepotis Wood Eograrings. First and 
Second Series* iHedium 8ro. 21s. each, 

William nsvsiWs Bay’s Country Book; bolog 
the Beal Iiife of a Country Boy, bitten 
bybimsolf j exhibiting all & Aintuements, 
Pleasures, and Pursuits of Children in the 
Country. JCfew Edition j with 40 Wood- 
cuts. Fcp. 8 to. price 8e. 

Howitt.~*The Bural Life of England. By 
William Howitt. New Edition, cor- 
rected and revised; with Woodcuts by 
Bewick and Williams. Medium 8ro. 21s. 

Hue. -The eWuese Empire: A Sequel 

to Hue and Cabet’s Jtoumiy through Tariarg 
and pibet. By the Abb4 Htro, formerly 
Missionary Apostolic in China. Copyright 
Translation, with the Author’s sanction. 
Second Edition; with coloured Map and 
Index, 2 vols, 8vo. 24s, 


HumptHeyg.— ScB^entec^d Similes of 

Bfttakspeaitoi A (^i^riMSelaction Of Similes, 
BeCuitlons, Descriptions, atui other remark- 
^e Passes in Shakspeate’s Plays and 
Poems, mth an elaborately illuminated 
bonder in the characteristic style of the 
Elisabethan Period, maasivo carved covers, 
and other Embellishments, designed and 
executed by H. N. Humphb^ys. Square 
post 8vo, prioa 218, 

Hunt. —Researches on Iiight in its 

Chemical Belations ; embracing a Con- 
sideration of all the Photographic Processes. 
Bv Eosm Huitt, E.B.S,, Professor of 
Physios in the Metropolitan School of 
Science. Second Edition, thoroughly re- 
vised; with extensive Additions, a Plate, 
and Woodcuts. 8vo. price lOs. 6d. 

Idle.— Hints on Shooting, Pishing, &c. 

both on Sea and Land, and in the Fresli- 
water Lochs of Scotland : Being the Expe- 
riences of Chbistophbb Idle, Esq. Pep. 
8vo. 6s. 


Hudson,-Plaitt Directions for Making 
Wills in Conformity with the Law t with a 
clear Exposition of the Law relating to the 
distribution of Personal Estate in the case 
of Intestacy, two Forms of Wills, and much 
useful information. By J. 0. Htjdsok, Esq., 
late of the Legacy Duty Office, London. 
New and enlarged Edition; including the 
previsions of the Wills Act Amenmnent 
Act of 1852. Fcp. 8vo. price 2s. 6d. 

Hadson. — The Exeontor'a Guide. By 

J. 0. Hupson, Esq. New and enlarged 
Edition ; with the Addition of Directions 
for paying Sugeession Duties on Bqal Pro- 
perty under Wills and Intestacies, and a 
Table for finding the Yalues of Annuities aud 
the Amount of Legacy and Succession Duty 
thereon. Fcp, 8vo« price 6s. 

Humboldt’s Cosmos. Translated, with 

tb^i Auth(n^s 4 outborify, by Mrt,^ SABnfk. 
Yols, L and IX, 16mo. Hw-a-Crown each, 
sewed ; ds, 6d. eaeb, cloth i or in posbSvo. 
128. fid, ea^, cloth. Vol. Hi,, post 8vo. 
12 b. 6d. cloth : or in 16mo. Part 1. 2s. 6d. 
sewed, 38. 6d, cloth i and Part H. 8s. sewed, 
48, cloth, * 

M 4 YolIY. is k, the press. 

Huinb(#t> Aspects of Nature. Treadated, 
with tWi Author** authority, hj Hr*. 
SAPtirp, New Edition, l^ny). 
or in 2 vo}*. 3*, 8d» each, cloM lU.>6d, 
eacl), sewed* ^ 


Jameson. — A Commonplace Book of 

Thoughts, Memories, and Fancies, Original 
and Selected. Part I, Ethics and Character ; 
Part IT. Literature and Art. By Mrs. 
Jamesok. With Etchings and WoodEr- 
gravings. Square crown 8vo. price 18s. 


Mrs. Jameson. — Sisters of Charity, 

Catholic and Protestant, Abroad and at 
Home, By Mrs. J ameson, Author of Sacred 
and Legendary Jrt, Second Edition, with 
a new Preface. Fop. 8vo. 48. 


Mrs. Jameson’s Legends of the Saints 

and Martyrs. Forming the First Series of 
Samd and Legendary ArU . Second Edition ; 
with numerous Woodcuts, and 16 Etchings 
by the Author. Square crown 8to. price 28s. 


l&i, lameio&’i Legend* of the Honaetio 
OrderS) a* represented in the Fine Arts. 
Forming the Second Series of Sacred and 
Legendary Art Second Edition, corrected 
tuideohoged; with U Ekbing* by the 
Atttiior, and 88 Woodcut*. Square crown 
8vo. price 28*, 


lire. Legend* of the Madonna, as 

represented in the Fine Arts. Forming 
the Third Series of Sacred gnd Legendary 
^^WiffiSfiDrawmgsl^thi? Author 
I53Woo^En^rinj{s. S^re crown 8vo. 
price 2ds* 





Jaqnemet.-^ fit 

logy i Q<«!itsjpg W »»««t Sl>W 0 »t«t Osios 
: of Geiiml EiBtor7,,3?4i|tW, |}oolo&iAst)ical, 
froitf tb Qm^on of the 
World to too 0^^ of i\ie yoar iaS4. By 
F. H. ^A.oirBUS!)ii. Edited by tl^e Eer, 
JoHKiLLOOBir,]!iC4. Bo»tl3vo.70.dd. 

Lord Je&ey’s Contri'btttioos to 

Edinbuz^h Beriev^* A Now Edition^ ooxn- 
•plete in One Volume, with a Portwit en- 
graved by Henry Bobinson, and a Vignette. 
Square crown 8 vo. 21e« cloth | or dOe. calf. 

Also a LIBBABV EDITION, in 3 
vols. 8 vo. price 42 b. 

Bishop Jeremy Taylor’s Entire Works: 

With Life by Bishop Hbbeb. Bevised and 
corrected by the Bev. Chables Paob Edbk, 
Bellow of Oriel College, Oxford. Now 
complete in 10 vols. 8 vo. 10 s. 6 d. each. 

Johns and Nicolas.— The Calendar of 

Victory ; Being a Becord of British Valour 
and Conquest by Sea and Land, on Eveiy 
Day in the Year, from the Earliest Perioa 
to the Battle of Inkormann. Projected and 
commenced by the late Major Johns, B.M. j 
continued and coinpleteu by Lieutenant 
P. H. Niooxas, B.M. Fop. 6 vo. 12 s. 6 d. 

Johnston.— A Dictionary of Geography, 

Descriptive, Physinil, Statistical, and ifistori* 
col: Forming a complete General Gazetteer 
of the World. By A. Keith Johnston, 
F.B.S.B., F.B.G.S,, F.G.S., Geographer at 
Edinburgh in Ordinary to Her Majesty. 
Second Edition, brought down to May 
1855 ; in 1 vol. of 1,360 pages, comprising 
about $0,000 Names of Places. 8 vo. price 8 ds. 
cloth ; or half-bound in russia, 418. 

Jones (Owen).— Flowers and their Xiu* 

dred Thoughts : A Series of Stanzas. By 
Mabv Anne Bacon. With beautiful Illus- 
trations of Flowers^ designed gnd eaceoutgid 
in illuminated printing by Ownk J qniS. A 
New Edition. Imperial 8 vo. INear^read^. 

Kali8ch.<^Hifltorical and Critioid Com- 
mentaiy on the Old Testament. By Dr. 
M, Kalisch, M. a. First Portion— Exodus i 
in Hebrew and English, with copious Notes, 
Critical, Phil<>k>^eal|f and >jlxpl«iisto^. 
8 vo. 16s; 

An Edition of the as abota (for 

the pse of Enghjdi raawsL comprising 
the E^lish Translations and an abridged 
Commentary. 8vo. price 12s. , 


[ Svens in England j ‘‘A 

i of m Itoghrix Commouvrealtli till 

I the penod of the Norman Conquest. By 
Jew Mitchbll KmfBLB, M.A,F.C.p/, 
2 v<^. Svo. price 28s. 

Pha^s of Matter : Being 
an Outline of the Discoveries and Applica- 
tions of Modem Ohemistiy. By T. Lind- 
IBY KEitr, H.D., Author of fAe Naitiral 
Sisiotif ofCrMiion^ ** Indications of Insthsot,’ * 
Ac. With 148 Woodcuts. 2 vols. crown 
8 yo. 21 s. 

Eesteven.— A Manual of Domestic Pme- 

tice of Medicine, &o. By W» B. Kestevbk, 

I F.B.O.S* Square post 8 vo. [/» fAe pmi. 

mppis’s Collection of Hymns and FeaJfms 

for Public and Private Worship. New 
Edition; including a New Supplement by 
the Bev. Edhund KbI(L, M.A. ISmo. 
price 4s. cloth ; or 4s. 6 d. roan. 

Kirby and Spence’s Introduction to 
Entomology; or, Elements jf the Naturs 1 
History oi Insects : Comprising an account 
of noxious and useful Inscctst of their Meia- 
mojyhoses, Food, Stratagems, Habitations, 
Societies, Motions, Noises, Hybernation, 
Instinct, Ac. New Edition. 2 vols. 8 vo. 
with Plates, price 81s. 6 d. 

Laing’s (S.) Observations on the Social 

and Political State of Denmark and je 
Duchies of Sleswick and Holstein in 1851 : 
Being the Third Series of Noki of a Tnoeller* 
8 vo. price 12 s« 

laing’s (S.) Obsenratioiis on the Sooial and 
Political State of the European People in 
, 1848 and 1849 : Being the Second Series 
of Notes of a TnxveUer» 8 ^ 0 . price 14s. 

The Bret Series^ in 16mo. price 28 . 6 d. 

Dr. Latham on Dbeases of the Heart* 

Lectures on Subjects connected with CSinioal 
Mi^cine ; Diseases of the Heart. By P. ¥ . 
Lathait, HJ>.,Bhysteian Eatraosidjiieay to 
the Queen. New Edition. 2 vols. 12 mo« 
price 10 s. 

)Ur8. B. Lee’s Elements of Ndtoral His* 
lory ; or, Ffrst Principlespf ^ology i, Co^i* 
prising the ihrincipleS or OlassifiCipeni ihtdr- 
fperm with amusing and ipstrijicHve A •• 
oounte of the most remarkable .^tnfmals. 
New Edition, ezdaiged, withntUner^^addi- 
’ rional Woodcuts. F<^. Svo. price 78. 0d. 
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NEW WOBKS AKB NEW EDITIONS 


LARDNER’S CABINET CYCLOPiEDIA 


Of History^ Biography^ Liter^itiure, the Arts and Sciences, Natural Histoty, and Manufactures; 
A Series of Original Works by 


Sir John HBRSCHSt, 

Sir James MackintosHj 
IloBSR'r Southey, 

Sir David Brewster, 


Thomas Keiohti^bYj 
John Forster, 

Sir Walter Scott, 
Thomas Moors 


Bishop Thirlwall, 

The Rev. G. R. Glbio, 

J. C. L. Db SlSMONDI, 

John Phillips, F.R.S. G.S, 


And other Eminent Writers, 


Complete in 133 vols. fcp. 8vo. with Vignette Titles, price, in cloth, Nineteen Guineas. 
The Works ftparatel^t ia Sets or Series, price Tltree Shillings and Sixpence each Volume, 


A List of ths Works composing the Cabinet CycLOPJSDtA;- 


1. Beirs History of Russia S vois. 10s. 6d. 

. BelPs Lives of Dritisli Poets., 3 vols. 7s. 

3. Brewster’s Optica 1 vol. 38. 6d. 

4. Cooley’s Ataritimc and Inland 

Discovery 3 vols. tOs. 6d 

6. Crowe’s History of Fiance. ... 3 vols. lOs. 6d, 

6. De Morgan on Probahilitles . . 1 vol, Ss. 6d. 

7. Dc Sismondi’a History of the 

Italian Republics 1 vol. 3s, 6d. 

8. De Sismpndi’s Fall of the 

Roman Empire 2 vols. 7s. 

9. Donovan’s Chemistry 1 vol. 3s. 6d, 

10, Donovan’s Domestic Economy, 2 vols. 7s, 

11. Dunham’s Spain and Portugal, 5 vol-s. 17s..6d. 
13. Dunham’sHistoryofDenmark, 

Sweden, and Norway ...... 3 vols. 10a. 6d. 

13. Dunham’s History of Poland. . 1 vol. 3s. 6d. 

14. Dunham’s Germanic Empire.. 8 vols. 10s. 6d. 

15. Dunham’s Europe during the 

Middle Ages 4 vols. 14s. 


16. Dunham’s British Dramatists, 2 vols. 7s. 

17. Dunham’s Lives of Early 

Writers of Great Britain . . 1 vol. 8a, 6d. 
IS. Fergus’^ History of the United 

States 2 vols. 7s. 

19. Fosbroke’s Grecian and Roman 

Antiquities 2 vols. 7s. 

30. Forster’s Lives of the States- 
men of the Commonwealth, 5 vols. 17s. 6d. 

21. Gleig’s Lives of British Mili- 

tary Commanders , 3 vols. lOs, 6d. 

22. Grattan’s History of the 

Netherlands 1 vol. Ss.6d. 

23. Henstow’s Botany 1 vol. 3S.6d. 

24. Heri^hd’s Astronomy .1 vol. 3s. 6d. 

25. Herschel’s Discourse on Na- 

tural Bhilbsophy 1 vol. Ss. 6d. 

26. History of Rome. 2 vols, Ts. 

27. History of Switzerland 1 vol. 3s. 6d. 

28. Holland’s Manufactures in 

Metal 8 vols. 10s.6d. 

29. James’s Livesof Foreign States- 

men 5 vols. 1 7i. 6d, 

30. Kafer and Ijirdner’s Mechanics, I vol. 88.6d« 

31. Kelghtley’sOutliiics of History,! vol. 88. 6di* 

22. Lardner’s Arithmetic 1 vol. as. 6d, 

as. Lardner’s Geometry 1 vol. 81. 9d, 


I 34. Lardner on Heat 1 vol. 38. 6d. 

' 35. Lardner’s Hydrostatics and 

j Pneumatics 1 vol. 3s. 6d, 

38. Lardner and Walker’s Electri- 

; city and Magnetism 2 vols. 78, 

! 37. Mackintosh, Forster, and 

Courtenay’s Lives of British 

; Statesmen 7 vols. 24s. 6d, 

! 38. Mackintosh, Wallace, and Bell’s 

j History of England 10 vols. 35s. 

! 39. Montgomery and Shelley’s 

! eminent Italian, Spanish, 

! and Portuguese Authors . 3 vols. lOs. 6d. 

40. Moore’s History of Ireland . . 4 vols. 14s. 

41. Nicolas’s Chronology of Hist. 1 vol. Ss. 6d. 

42. Phillips’s Treatise on Geology, 2 vols. 7s. 

43. Powell’s History of Natural 

Philosophy .1 vol. 33 . firt. 

44. Porter’s Treatise on the Manu- 

nufacture of Silk 1 vol. 3s. 6d. 

45. Porter’s Manufactures of Por- 

celain and Glass 1 vol. Ss. 6d. 

46. Roscoe’s British Lawyers 1 vol. 3s. 6d. 

47. Scott’s History of Scotland .... 2 vols. 78. 

48. Shelley’s Lives of eminent 

French Authors 2 vols. 78. 

49. ShuckardahdSwainson’sInsects,! vol. 3s. Cd. 

50. Southey’s Lives of British 

Admirals 5 vols. 17s. 6d. 

61. Stebbing’s Church History. ... 2 vols. 7s. 

52. Stebbing's History of the 

Reformation 2 vols. 7s. 

53. Swainson’s Discourse on Na- 

tural History I vol. 3s. Cd. 

54. Swainson’s Natural History & 

Classification of Animals . . I vol. 3s. 6d. 

55. Swainsuu’s Habits ^ Instincts 

of Animals 1 vol. 3 b. 6d. 

56. Swainson’s Birds 2 vols. 78. 

57. Swalnson’s Fish, Beptiles, &c. 2 vols. 7s. 

68. Swainson’a Quadrupeds 1 vol. Ss.6d. 

59. Swainson^sl^hells and Shell- fish, 1 vol. 3s. Cd. 

60. Swainson’fi Animals in Mena- 

geries 1 vol. 8s.6d. 

6L Swainson’s Taxidermy and 

. Biography ol Zoologists. ... 1 vol. 3 b, 6d. 

^2, Thirlvvall’s History of Greece. 8 vols. 288. 
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L. E. L.— The Poetical Whrks Of LetitiR 

Elizabeth Laudou; comprishig th« tntprO’ 
vhatrivei tho Venetian Bracelet^ the Golden 
Vjolety the Troubadour^ and Poetioal Betnams. 
Kew Edition j with 2 Vignettes by R. Doyle. 
2 vols. IGmo. lOs. cloth j morocco, 21s. 

Lindley.-ThB Theory and Practice of 

Horticulture ; or, an Attempt to explain 
tlio Principal Operations of Gardening upon 
Physiological Grounds : Being tho Second 
Edition of the Theory of norticuUure^ much 
enlarged; with 98 VVoodcuts. By JouN 
Li^DLiiY, Ph.D. F.R.S. 8vo. price 21s. 

Dr. Jolin Lindley’s Introduction to 

Bof any. New Edition, with Corrections and 
copious Additions. 2 vols. 8vo. with Six 
Plates and numerous Woodcuts, price 24b. 

Linwood.--Anthologia Oxoniensis, sive 

Florilogium e lusibus poeticis divorsorum 
Oxoniensium Oraicis ct Laiinis decerptum. 
Curantc Guiiulmo Linwood, M.A. iEdis 
Chrisli Alumino. 8vo. price 14a. 

Lorimer’s (C.) Letters to a Young Master 

Mariner on some Subjects connected with 
his Culling. New Edition, Fcp.8vo.68.6d. 

Loudon’s Encyclopaedia of Gardening; 

comprising tho Theory and Practice of Hor- 
ticultiire, Eloriculturc, Arboriciillui’c, and 
Landscape Gardening; Including all tho 
latest improvements j a General History of 
Cardoniiig in all Countries j a Statistical 
View of its Present State j and Suggestions 
for its Future Progress iu tho British Isles. 
With many hundred Woodcuts. • New .Edi- 
tion, corrected and improved by Mrs. 
Lou-Uon. 8vo. price 60s, 

Loudon’s Encyclopaedia of Trees and 

Shrubs; or, tho Arboretum et Fmticeium 
Briianuienm abridged : Containing thollardy 
Trees and S limbs of Great Britain, Native 
and Foreign, Scientifically and Populai’ly 
Described ; with their Propagation, Culture, 
and Uses in the Arts ; and with Engravings 
of nearly all tho Species. Adapted for the 
use of N urserymen, GardenerB,and Foresters. 
With about 2,000 Woodcuts. 8vo. price 60s. 

London’s Encyclopaedia of Agiicultnre ; 

comprising tho Theory and Practice of the 
Valuation, Transfer, Laying-out, Improye- 
raent, and Management of Landed Property, 
and of tlie Cultivation and Economy of the 
Animal and Vegetable Productions of Agri- 
culture ; Including all tho latest Improve- 
ments, a general History of Agriculture in 
all Countries, a Statistical View of its present 
State, and Suggestions for its future progress 
in tho British Isles. New Edition} with 
1,100 Woodcuts. 8vo. price 50s. 


Loudon s Encyclopaedia of Plants : Com- 
prising the Specific Character, Descriptiwi, 
Culture, History, Application in the Arts, 
and every other dosirablo Particular rospeot- 
ing aU the Plants indigenous to, cultivated 
in, or introduced into Gnsat Britain. New 
Edition, corrected to the Present Time by 
Mrs. Lottdqn ; assisted by Gkohob Dok, 
F.L.S. and David Woostsb, late Curator 
pf the Ipswich Museum. With upwards of 
12,000 Woodcuts (more than 2,000 new). 
8vo. price £B 18s. 6a. 

Second Additional Supplement to Ibudon’s 
Encyclopaedia of Idants: Comprising all 
Plants originated . in or introduced into 
Britain between March 1840 and March 
1855. With above 2,000 Woodcuts, 8to, 

• lirico 21s. 

Loudon’s Encyclopedia of Cottage, 

Farm^ and V ilia Architecture and Furniture ; 
containing numerous Designs, from the Villa 
to the Cottage and the Farm, including Farm 
Houses, Farmeries, and other Agricultural 
Buildings; Country Inns, Public Houses, 
and Parochial Schools; with the requisite 
Fittiiigs-up, Fixtiu'cs, and Furniture, and 
appropriate Offices, Gardens, aiid Garden 
Scenery : Each Design aocompanied by 
Analytical and Critical Bomarlia. New 
Edition, edited by Mrs. Loudon ; with more 
than 2,000 Woodcuts, 8vo. price 63s. 

Loudon’s Hortus Britannicus ; or, Cata- 
logue of all the Plants indigenous to, culti- 
vated in, or introduced into Britain. An 
entirely New Edition, corrected tliroughOUt j 
With u Suj)pleinent, including all tho New 
Plants, and a New General Index to the 
whole Work. Edited by Mrs. Lopdon ; 
assisted by W. H. Baxtbh and David 
W oosTEE. 8vo. price 31 b. 6d.— The Stn?- 
PLEMENT separately; price 14s. 

Mrs, Loudon’s Amateur Gardener’s 
Calendar; Being a Monthly Guide as to 
what should be avoided as well as what 
should bo done, in a Garden in each Moiifch ; 
with plain Rules hoto to do what is r^uisite ; 
Directions for Laying Out and Banting 
Kitchen and Flower Gardens, Plcasmx^ 
Gtrounds, and Shrubberies : And a short 
Account, in each Month, of the Quadrupeds, 
Birds, and Insects then most injurious to 
Gard 0 ns 4 16mo. with Woodcuts, price Ts.Bd. 

Low.— A Treatise on the Domesticated 

Animals of the British Islands ; Co^rehehd- 
ing the Natural and Economical History of 
Species and Varieties ; the Description of 
the Properties of external Form ; and Obser- 
vations on the Principles and Practice of 
. Breeding. By D. Low, Esq., F.R.8.E. 
With Wood Engravings. 8vo. price 25s. 
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NEW WORKS AKD NEW EDITIONS 


Low.— Elements of Practical Agriculture ; 

compreliendinc the Cultivation of Plants, tho 
Husbandry of the Domestic Animals, and 
the Economy of the Farm. By D . Low, Esq. 
F.B.S.E. New Edition j with 200 Woodcuts, 
8vo. price 21s. 

Macaulay— Speeches of the lUght Hon. 

T. B. Macaulay, M.P. Corrected by Him- 
SELT. 8yo. price 12s. 

Macaulay. — The History of England 

from the Accession of James II. By 
Thomas Babingtok Macaulay. New 
Edition. Vols. I. and II. 8vo. price 828. 

*** Vol® IV. are In Uie press. 

Mr. Macaulay*s Critical and Historical 

Essays contributed to The Edinburgh 
Review. Four Editions, as follows 

1. A Libeabt Edition (the Eighth) ^ in 

3 vols. 8vo. price 36s. 

2. Complete in One Volume, with Por- 

trait and Vignette. Square crown 
8vo. price 21s. cloth ; or 80s. calf. 

8. Another New Edition, in 3 vols. 
fcp. 8vo. price 218. 

4. The People’s Edition, in 2 vols. 
crown 8vo. price 8s. cloth. 

Macaulay.— Lays of Ancient Rome, with 

Ivry and the Armada. By Thomas 
Babinoton Macaulay. New Edition. 
16mo, price 48. Gd. cloth j or 10s. 6d. 
bound in morocco. 

Mr. Macaulay’s Lays of Ancient Rome. 

With numerous Illustrations, Original and 
from tho Antique, drawn on Wood by 
George Scarf, Jun., and engraved by Samuel 
Williams. New Edition. Fcp. 4to. price 
218. boards ,* or 42s. bound in morocco, 

Mac Donald.— Within and Without: A 

Dramatic Poem. By Geoege Mac Donald. 
Crown 8vo. 7s. 6d. 

Macdonald.— Villa Verocchio; or, the 

Youth of Leonardo da Vinci ; A Tale. By 
the late Diana Louisa Macdonadd. 
Fcp, 8vo. price Bs. 

Macintosh. — A Militaiy Tour in 

European Turkey, tho Crimea, and on the 
Eastern Shores of tlie Black Sea : Including 
Routes across the Balkan into Bulgaria, 
and Excursions in the Turkish, Russian, 
and Persian Provinces of the Caucasian 
Range. By Major-Gon. A. F. Macintosh, 
K.H., F.Ii.G.S., F.O.S. Second Edition, 
witli several Maps. Post 8to. 10s. 6d, 


Sir James Mackintosh’s History of Eng- 
land from the Earliest Times to tlio final 
Establislunent of the Reformation. Library 
Edition, revised by the Author’s Son. 2 vols. 
8vo. price 21s. 

Sir James Mackintosh’s Miscellaneous 

Works : Including his Contributions to Tho 
Edinburgh Review. Complete in Ono 
Volume ; with Portrait and Vignette. 
Square crown 8vo. price 21b. cloth j or 81)3. 
bound in calf. 

Also a NEW EDITION, in 3 vols. 
fcp. 8vo. price 21s. 

Macleod.— The Theory and Practice of 

Banking: With the Elementary Principles 
of Currency, Prices, Credit, and Exclianges. 
By IIenky Dunning Maoleod, of the 
Inner Temple, Esq., Barristor-ai-Law ; 
Fellow of the Cambridge Pliilosophical 
Society. In Two Volumes, Volume the 
First, comprising the Theory of Bankijig. 
Vol. I. royal 8vo. 148. 

McCulloch. — A Dictionary, Practical, 

Theoretical, and Historical, of Coininorce 
and Commercial Navigation, Illustrated 
with Maps and Plans. By J. R. M‘CuLLor ir, 
Esq, Now Edition ; and embracing a large 
mass of new and impovlant Information in 
regard to the Trade, Commercial Law, and 
Navigation of this and other Countries. 
8 VO. price SOs. cloth ; half-russia, 5 5s. 

McCulloch.— A Dictionary, Geographical, 

Statistical, and Historical, of tho various 
Countries, Places, and principal Natural 
Objects in theWorld. By J. R.M'Cullocit, 
Esq. Illustrated with Six lai'ge Maps. New 
Edition, revised J witha Supplement. 2 vols. 
8vo. price GSs, 

M'Culloch.— An Account, Descriptive 

and Statistical, of the British Empire ; 
Exhibiting its Extent, Physical Capacities, 
Population, Industiiy, and Civil and Religious 
Institutions. By J, R. M'Cullooh, Esq. 
Fourth Edition, revised j with an Appendix 
of Tables. 2 vols. 8vo. price 42s. 

Maitland.— The Church in the Cata- 
combs : A Description of the Primitive 
Church of Rome. Illustrated by its Sepul- 
chral Remains. By the Rev. Chakles 
Maitland. New Edition j with many 
Woodcuts. 8vo. price 148. 

Mann.— ThePhilosophyof Reproduction. 
By Robert James Mann, M.D. F.R.A S. 
Fcp. 8vo. with Woodcuts, price 4s. 6d. 
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Mrs. Marcet's Conversations on Chemls- 

try, ill \yliich the Elements of that Science 
arc familiarly explained and illustrated by 
Experiments. Now Edition, enlarged and 
improved. 2 toIs. fcp. 8to. price 148. 

Mrs. Marcet’s Conversations on Natural 

Philosopliy, in which the' Elements of 
that Scicnoe are familiarly explained. New 
Edition, enlarged and corrected j with 23 
Plates. Fcp. 8vo. price 10s. 6d. 

Mrs. Marcet's Conversations on Political 

Economy, in whicli the Elements of that 
Science are familiarly explained. New 
Edition. Fcp, 8vo. price Vs. 6d. 

Mrs. MarceVs Conversations on Veg^e- 

tablo Pliysiology j cpmprehending tlie Ele- 
ments of Bolany, with their Application 
to Agriculture. New Edition j with 4 
Plates. Fcp. 8vo. price 9s. 

Mrs. Marcet’s Conversations on Land 

and Water, New Edition, revised and 
corrected; with a coloured Map, she\^'ing 
the eoinparativo Altitude of Mountains. 
Fcp. 8vo, price Ss. 6d, 

Marryat.— Mountains and Molehills; 

or, Kecollcciions of .a Burnt Journal. By 
Frank JVIarryat, Author ot Borneo and the 
Bantmi Archipelago. With many Illustra- 
tions on Wood and in Colours from Drawings 
by the Author. 8vo. 21s. 

Martinean.— Endeavours after the Chris- 

tian Life? Discourses. By James Mar- 
TiNEAF. 2 vols. post 8vo. 7s. 6d. cacli. 

Martineau.—Miscellanies. Comprising Essays 
on Dr. Priestley, Arnold’s Life and Corre- 
Cluircli and State, Theodore 
Parker’s Discourse of Jlidigion^ Phases of 
Faith,” the Church of England, and the 
Jhilllo of the Churclies. ByJAMBS Mar- 
tine Air. Post 8vo. 9s. 

Martineau.-Church History in England: 

Being a Sketch of the History of the Church 
of England from the Earliest Times to tlio 
Period of the Reformation. By the Rev, 
Arthur Martineau, M.A. 12mo. 6s. 


Mannder’B Historical Treasury; com- 

prising a General Introductory Outline of 
IJnivorsal History, Ancient and Modern, 
and a Series of separate Histories of every 
principal Nation that exists; their Rise, 
Progress, and Present Condition, the Moral 
and Social Character of their respective in- 
habitants, their Religion, Manners and Cus- 
toms, &c. Ac. New Edition; revised through- 
out, with a now Index. Fcp. 8vo. 10s. cloth j 
roan, 128. ; calf, 12s. 6d. 


Maunder’s Scientific and Literary Trea- 
sury : A new and popular Encyclopajdia of 
Science and the Belles-Lettres ; including 
all Branches of Science, and every subject 
connected with Literature and Art. New 
Edition. Fcp. 8vo. price 10s. cloth ; bound 
in roan, 128. ; calf lettered, I2s. 6d. 

Maunder's Treasury of Natural History ; 

Or, a Popular Dictionary of Animated 
Nature ; In wliich the Zoological Character- 
istics that distinguish the different Classes, 
Genera, and Species, are combined witli a 
variety of interesting Information illustrative 
of the Habits, Instincts, and General Eco- 
nomy of the Animal Kingdom. With 900 
Woodcuts. New Edition. Fcp. 8vo. price 
10s. clotli ; roan, 128. ; calf, 12s. 6d. 


Maunder’s Treasury of Knowledge, and 

Library of Reference. Comprising an Eng- 
lish Dictionary and Grammar, an Universal 
Gazetteer, a Classical Dictionary, a Chrono- 
logy, a Law Dictionary, a Synopsis of the 
Peerage, numerous useful Tables, &c. The 
Twentieth Edition, carefully revised and 
corrected througliout : With some Additions. 
. Fcp. 8vo. price lOs. cloth ; bound in roan, 
12s. ; calf lettered, 12s. 6d. 


Merivale. — A History of the Romans 

under the Empire. By the Rev. Charles 
Merivale, B.D., late Fellow of St. John’s 
College, Cambridge. Vols. I. to HI. 8vo. 
price £2. 2s. 

*** Vols, IV. and V., (iOwgnmgAngusius 
and the Olaudim (kesars, are in the press. 


Maunder’s Biographical Treasury ; con- 

sisting of Memoirs, Sketches, and brief 
Notices of above 12,000 Eminent Persons of 
All Ages and Nations, from the Earliest 
Period of Histoi-y ; forming a new and com- 
plete Dictionary of Universal Biography. 
The Ninth Edition, revised throughout, 
and brought down to the close of the year 
1854. Fop. 8vo. 10s. cloth ; bound in roan, 
12s. ; calf lettered, 12s. 6d. 


Merivale. —The Fall of the Roman Republic ; 
A Short History of the Last Centuiy of 
the Commonwealth. By the Rev. CHAELRa 
' Merivale, B.D. New Edition. 12mo. 
price Ts. 6d. 

Merivale.— An Account of the Life and Letters 

of Cioero. Translated from the German of 
Abekon ; and edited by the Rev. Charles 
Merivale, B.D. 12mo. 93. 6d, 



NEW Works akd i^ew editions 




Miles.— A Plain Treatise on Horse 

Shoeing, By Wiliiam Miles, Esq., Author 
of The Ronii Root^ and koto to keep it Sound. 
With Plates and Woodcuts. Small 4to. 5s. 

Milner.—The Crimea, its Ancient and 

Modern History : TJic Khans, the Sultans, 
and the Czars ; With Sketches of its Scenery 
and Population. By the Bey. T. Militeii, 
M.A., P.B.0.S. Post Sro. with 3 Maps, 
price 10s. 6d. 

Milner.— The Baltic; Its Gates, Shores, and 
Cities : With a Notice of the White Sea. 
By the Bev. T. Milner, M.A., P.B G1.S, 
Post 8vo, with Map, price lOs. 6d. 

Milner’s History of the Church of Christ. 

With Additions by the late Bov: Isaac 
Milner, B.D., E.B.S. A New Edition, 
revised, with additional Notes by the Bev. 
T. Grantham, B.D. 4 vols. 8vo. price 52s. 

Montgomery.—Memoirs of the Life and 

Writings of Janies Montgomery} Including 
- Selections from liis Correspondence, Bemains 
in Prose and Verse, and Conversations. By 
John Holland and James Everett. With 
Portraits and Vignettes. Vols. I, and II. 
post 8vo. price 218. 

Vols. Ill, and IV, ai’c in the press. 

James Montgomery’s Poetical Works : 
Collective Edition j with the Author’s Auto- 
biographical Prefaces, complete in One 
Volume j with Portrait and Vignetto. Square 
crown 8vo. price 10s. 6d. cloth j morocco, 
21 s. — Or, in 4 vols. fcp. 8vo. with Portrait, 
and 7 other Plates price 14s. 

James Montgomeiys Original Hymns 

for Public, Soei^J, and Private Devotion. ' 
18mo, price 6s. 6d. 

Moore.— The Power of the Soul over the 

Body, considered in relation to Health and 
Morals. By George Moore, M.D ., Member 
of the Boyal College of Physicians. Fifth 
and cheaper Edition. Pep. 8vo, price 6s. 

Moore,— Man and his Motives. By George 
Moore, M.D., Member of the Boyal College 
of Physicians. Third and clieaper Edition. 
Fcp. 8vo, price 6s. 

Moore.-The Use of the Body in relation to the 
Mind. By George Moore, M.D. ilomber 
of the Boyal College of Physicians, Third 
and cheaper Edition. Fcp. 8vo. 6s. 

Moore.— Health, Disease, and Eemedy, fm> 
liarly and practically considered in a few of 
their relations to the Blood. By tooBGB 
Moore, M.D. Post 8vo. 7s. 6d. 


Thomas Moore’s Poetical Works : Com- 
prising the Author’s recent Introductions 
and Notes. Complete in One Volume, 
printed in Buby Type j with Portrait en- 
graved by W. Holl, from a Picture by T. 
Phillips, B.A. Crown 8vp. 12s. Gd. clotli j 
morocco by Hayduy, 21s. — Also an Edition 
complete in 1 vol. medium 8vo. witli Portrait 
and vignette, 21s. cloth j morocco by Hay- 
day, 42s. — Another, in 10 vols. fcp. 8\'o. 
with Portrait, and 19 Plates, price SSs. 

Moore’s Irish Melodies Illustrated. A 

New Edition of Moores Irish Melodies, illus- 

i trated with Twelve Steel Plates, engraved 
from Original Designs by 
C. W. Cope, B.A. ; J). M aclise, B. L • 

T. Creswiok, B.A. ; H. Millais ; 
A.P.EaO; W.MuLREAjn',B.A.; ' 

W.T.FRiTn,E.A.j J.Santj 
W. E. Frost ; Frank Stone ; ami 

C. E. Horsley j G. B. W'ard. 

Uniform with the Illustrated Ediiiou uf 
Moore’s Lalla Eookh. Square crown 8vo. 

[tliist rctid>j. 

Moore’s Irish Melodies. Illustrated by D 
Macliso, B.A. New Edition; with 101 
Designs, and tliewliolo of tlio Letterpress 
engraved on Steel, by F, P. Becker. Super- 
royal 8vo. 31s. 6d. boards ; £2. 128. 6d. 
morocco, by Hayday’ 

Moore’s Irish Melodies. New Edition, printed 
in Diamond Type; with the Preface and 
Notes from tlie collective edition of Moords 
Eoetical Works, the Advertisements originally 
prefixed to the Melodies, and a Portrait of 
the Author. 32mo. 2s. Gd.— An Edition 
in IGmo. with Vignette, 5s.; or 12s. Gd. 
morocco by Hayday, 

Moore’s Lalla Bookli: An Oriental 

Bomance. With 13 liighly-linislicd Steel 
Plates from Designs by Corbonld, Meadows, 
and Stephanoff, engraved under the super- 
intendence of the late diaries Heath. New 
Edition, Square crown 8vo. price 153. 
cloth J morocco, 28s. 

Mbore’s lalla Rookh. New Edition, printed 
in Diamond Type ; with the Preface and 
Notes from the collective edition of Moure's 
Eoetical Works, and a Frontispiece from a 
Design by Kenny Meadows. 32mo. 2s. Gd. 

— ^An Edition in 16mo. with Vignette, 5s. ; 
or 12s. 6d. morocco by Hayday. 

Moore. - Songs, Ballads, and Sacred Songs. 
By Thomas Moore, Author of lalla Uookh, 
Ao. First collected Edition, with Vignette 

. by B. Doyle. 16mo. price 5s. cloth; 
12s, 6d bound in morocco. 
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Moore.—Memoirs, Journal, and Corre- 

spondencc of Tliomas Moore. Edited by 
the Riglit Hon. Lord Jouij Russell, M.P. 
With Portraits and Vignette Illustrations. 
Vole. I. to VI. post 8vo. price 10s. 6d, each. 

Moseley.— The Mechanical Principles of 

Engineering and Architecture. By II. 
Moseley, Sl.A., E.R.S,, Canon of Bristol; 
Corresponding Member of the Institute of 
France. Second Edition, enlarged; with 
numerous Cori*ectiou3 and Woodcuts. 8vo. 
, piico 248. 

Mure.— A Critical History of the Lan- 
guage and Literature of Ancient Gtrecce. 
By William More, M.P. of Caldwell. 
Second Edil ion. Vols. I. to III. 8vo. prieo 
36s.— Vol. IV. price ISs. • 

Murray^s Encyclopesdia of Geography ; 

Comjjrising a complete Description of the 
l^artli : Exhibiting its Relation to the 
Heavenly Bodies, its Physical Structure, tlie 
Natural History of each Country, and the 
Industry, Commerce, Political Institulions, 
and Civil and Social State of All Nations. 
Second Edition ; with 82 Maps, and upwards 
of 1,000 other Woodcuts. 8vo. price GOs. 

Neale.— The Richesthat bring no Sorrow. 
By the Rev. EiiaKiNE Neale, M.A., Rector 
of Kiri on, Suffolk. Fcp. 8vo. price 6s. 

Neale.— “^isen from the Ranks;” or, 
Conduct versus Caste. By the Rev. Ehskine 
Neale, M.A. Fcp. 8vo. price 6s. 

Neale.— The Earthly Resting Places of 

the Just. By the Rev. Ekseine Nbale, 
M.A. Fcp. 8vo. with Woodcuts, price 7s. 

Neale.— The Closing Scene; or, Chris- 
tianity and Infidelity coiitraslcd in the Last 
Hours of Remarkable Persons. By the 
Rev. Ekseine Neale, M.A., Rector of 
Kirton, Suffolk. New Editions of the First 
and Second Series. 2 vols. fcp. 8vo. price 
123. ; or separately, Gs. each. 

Newman. — Discourses addressed to 

Mixed Congregations. By John Henry 
Newman, Priest of the Oratory of St. Philip 
Neri. Second Edition. 8yo. price 12s. 

Oldacre.— The Last of the Old Squires. 

A Sketch. By Cedric Oldacre, Esq., of 
Sax-Noiminbury, sometime of Christ 
Churcli, Oxon. Crown 8vo. price 9s. 6d. 

Oldmixon.— Gleanings from Piccadilly to 

Pera. By J. W. Oldmixon, Commander 
R.N. With lUustrationi printed in Colours. 
Post 8vo. price lOs. 6d. 

D 


Opie (Mrs.)— Memorials of the Life of 

Amelia Opie, selected and arranged from 
her Letters, .Diaries, and other Manuscripts. 
By Cecilia Lucy Briouiwell. Second 
Edition i with Portrait. 8vo. price lOs. Gd. 

Osborn.— A Narrative of the Discovery 

of the North-West l^assage. T3y H.Al.S. 
Investigator^ Capt. R. M‘Clure. Edited by 
Captain Sherard Osborn, R.N. from 
the Logs, Journals, mid Private Letters of 
Capt. R. M'Clure ; nml illustrated from 
Sketches taken by Commander S. Gurney 
Cresswell. 8yo. \Just reaog. 

Owen. — Lectures on the Comparative 

Anatomy and Physiology of the Invertebrate 
Animals, delivered at the Royal College of 
Surgeons. By Richard Owen, F.R.S., 
Hunterian Professor to the College. Second 
Edilion, grc'atly enlarged; with 235 Wood- 
cuts. 8vo, 218. 

Professor Owen's Lectures on the Com- 
parative Anatomy and Physiology of the 
Vertcbi*ate Animals, delivered at the Royal 
College 0 f Surgeons in 1844 and 1846. W ith 
numerous Woodcuts. Yol. 1. 8vo. price 148. 

The Complete Works of Blaise Pascal* 

Translated from tlic French, with Memoir, 
Jntrodueiions to the various Works, Edito- 
rial Notes, and Ai>pendie('s, by Georce 
Pearce, Esq. 3 vols. post 8vo. wth Por- 
trait, 25fc>. Gd. 

VOL. t. PASCVli'8 PltOVl.VCIAfi LKT-' 

with M. Villetnaiu's Essay on Pascal prcfix«d,aud anew 
M<nuiir. I’ost 8v«. Portrait, Ss. C'i. 

VOL. ». r.%«CAL’8 TIIOVtillTM OX UK- 

lisiun and Evidences of Ohrislianily, with AddiliotiB, troin 
Orif^inal .MSS. ; from M. irauf;cic‘s uUUoii. Post 9vo. hs. 6d. 

VOL. S. PA.<4€AL*S 

TVntuigs, (Correspond cm e, Octnehod Thought8,.,&«. ^ frpni M. 
Faugdre’s EdiUbh. Post Sro. 6u. Cd. 

Dr. Pereira’s Elements of Materia 

Mcdica and Theraiicutics. T/fird Editupt^ 
enlarged and improved from the Author’s 
Materials, by A. S. Taylor, M.D. and 
G. 0. Rees, M.D. : With numerous Wood- 
cuts. Vo1.I.8vo.288.; Vol. II. Part 1. 17s. ; 
Yol. II. Part II. 24s. 

Dr. Pereira’s Treatise on Pood and Diet ; With 
Observations on the Dietetieal Regimen 
suited for Disordered Shiks of the Digestive 
Organs ; and an Account of tlie Dietaries of 
some of the principal Metropolitan and other - 
Establisliments for Paupers, Lunatics, Gri- 
miuoie, Cliiklreu, the 8iek, ko. 8vo. IGs. 
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NEW WORKS m> NEW EDITIONS 


Dr. Pereira’s Lectures on Polarised 

Light, together with a Lecture on the 
Microscope, delivered before the Pharma- 
ceutical Society of Great Britain, and at the 
Medical School of the London Hospital. 
2d Edition, enlarged from Materials left by 
the Author, by the Be?. B. PoWfiLi, M.A., 
&e. FepySvo. withWoodcuta, Ts. 

Peschel’s Elements of Physics. Trans- 

lated from tlie German, with Notes, by 

E, West. With Diagrams and Woodcuts. 
3 voIb. fcp. 8vo. 21s. 

Pfeiffer.— A Second Journey Round the 

World. By Madame Ida Pfeitper. 2vol8. 
post 8?o. [Just readtj. 

Phillips.—A Guide to Geology. By John 
Phillips, M.A. F.R.S. F.G.S., Deputy Reader 
in Geology in the University of Oxford; 
Honorary Member of the Imperial Academy 
of Sciences of Moscow, &c. * Fourth Edition, 
corrected to the Present Timoj with 4 
Plates. Fcp. 8?o. price Ss. 

Phillips. — Figures and Descriptions of the 
PalflBozoic Fossils of Cornwall, Devon, and 
West Somerset j observed in the course 
of the Ordnance Geological Survey of that 
District. By J ohn Phillips, F.R.S. F.G.S. 
&c. 8vo. with 60 Plates, price 9s. 

Phillips's Elementary Introduction to 

Mineralogy. A New Edition, with extensive 
Alterations and Additions, by H. J. Brooke, 

F. R.S., F.G.S . } and W, H, Miller, M.A., 
F.G.S., Professor of Mineralogy in the 
University of Cambridge. Willi numerous 
Wood Engravings. Post 8vo. price 18a. 

Piscator.—The Choice and Cookery of 

Fish: A Practical Treatise. Fcp, bvo. 5s. 6d. 

CaptEdnPortlock’s Report on the Geology 

of the County of Londonderry, and of Parts 
of Tyrone and Fermanagh, examined and 
described under the Aiitliority of the Master- 
General and Board of Ordnance. 8vo. with 
48 Plates, price 24 b. 

Powell.— Essays on the Spirit of the 

Inductive Philosophy, the Unity of Worlds, 
and the Philoso^jiny of Creation. By the 
Rev. Badeh Powell, M. A., F.R.S., F.R. A.S., 
F.G.S,, Savilian Professor of Geometry in the 
University of Oxford. Crown 8vo. 128. 6d. 

Pulman’s Vade-mecum of Fly-Fishing 

for Trout ; being a complete Practical Trea- 
tise on that Branch of the Art of Angling ; 
with plain and copious Instructions for the 
Manufacture of Artificial Flics. Third 
Edition, with Woodcuts. Fcp. 8yo. Bs. 


Pycrolt’s Course of English. Reading, 

adapted to every Taste and Capacity : With 
Literary Anecdotes. New and cheaper 
Edition. Fcp. 8vo. jmee 5s. 

Raikes.— A Portion of the Journal kept 
^ Thomas Raikes, Esq. from 1831 to 1847 : 
Ciomprising Rominiscences of Social and 
Political Life in London and Paris during 
that period. \_In preparation. 

Dr. Reece's Medical Guide; for the Use 

of the Clergy, Heads of Families, Schoolsj 
and Junior Medical Practitioners: Com- 
prising a complete Modern Dispensatory, 
and a Practical Treatise on the distinguishing 
Symptoms, Causes, Prevention, Cure and 
Palliation of the Diseases incident to tlie 
Human Frame. W ith the latest Di sco verios 
in the different departments of the Healing 
Art, Materia Medica, &c. Sevcnteentli 
Edition, corrected and enlarged by the 
Authors Son, Dr. H. Reece, M.R.C.S. &c. 
8vo. price 128, 

Rich's Illustrated Companion to the 

Latin Dictionary and Greek Lexicon ; Form- 
ing a Glossary of all the Words representing 
Visible Objects connected with the Arts, 
Manufactures, and Every-day Life of the 
Ancients. With Woodcut Ropreseiitatious 
of nearly 2,000 Objects from the Antique. 
Post 8vo. price 21s. 

Sir J. Richardson's Journal of a Boa- 

Voyage tlirough Rupert’s Land and the 
Arctic Sea, in Search of tlie Discovery Sliips 
under Command of Sir J ohn Franklin. VVilh 
an Appendix on the Physical Geogntjdiy of 
North America ; a Map, Plates, and Wood- 
cuts. 2 Yols. 8vo. price 31s. Gd. 

Richardson (Captain).— Horsemanship ; 

or, the Art of Riding and Managing a IToi\se, 
adapted to the Guidance of Ijaclios and CIimi- 
tlcmon on tlie Road and in t he Field ; AVitli 
Instructions forUrcakiiig-in Colts and Young 
Horses. By Captain Richardson, late of 
the 4th Light Dragoons. Witli 5 Lino 
Engravings. Square crown 8vo. price 14s. 

Rickards. — Population and Capital : 

Being a Course of Lectures delivered before 
the University of Oxford in 1853 and 1851. 
By Georoe K. Rickards, M.A., Professor 
of Political Economy. Post 8to. 6s. 

Riddle’s Complete Latin-English and 

English-Latin Dictionary, for the use of 
Colleges and Schools. New and cheaper 
Edition, revised and corrected. 8vo. 21b. 

r The English-Latin Dictionary, 7s. 

epara ey 
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Riddle's Diamond Latin-English Die- 

tionaiy : A Guide to the Meaning, Quality, 
and right Accentuation of Latin Classical 
Words. Royal 32mo. price 48. 

Riddle's Copious and Critical Latin- 

English Lexicon, founded on the German- 
Latin Dictionaries of Dr. William Freund. 
New and Edition. Po8t4to. 31s. 6d. 

Jlivers’s Rose-Amateur’s Guide ; contain- 
ing ample Descriptions of all the fine leading 
varieties of Roses, regularly classed in tlieir 
respective Families; their History and 
mode of Culture. Fiftli Edition, corrected 
and improved ; including a full Account of 
the Author’s experience in the Culture of 
Roses in Pots. Fcp. 8vo. price 3s. 6d. 

Dr. E. Robinson's Greek and English 

Lexicon to the Greek Testament. A New 
Edil ioii, revised and in groat part re-written, 
8vo. price 18s, 

Mr. Henry Rogers’s Essays selected from 

Contributions to the Vldinhnrgh Ueview. 
Second and Edition, with Additions. 

3 vols. fcp. 8vo. 21s. 

Mr. Henry Rogers’s Additional Essays 

from the KdiubnrghRt victo^ priidcd uniformly 
with tlio First Edition^ and forming a T/iird 
Yolurae. 8vo, lOs. fid. 

Dr. Roget’s Thesaurus of English Words 

and Plirnses Classified and arranged so as to 
facilitate the Expression of Ideas and assist 
in Literary Coni])osition. Third Edition, 
revised and improved ; and printed in a 
more convoiiioiit form. Crown 8vo. 10s. fid. 

Rowton’s Debater: A Series of complete 

Debates, Outlines of Debates, and Questions 
for Discussion ; with ample References 
to the best Sources of Information on 
each particular Topic. New Edition. Fcp. 
8vo. price 6s. 

Letters of Rachel Lady Russell. A New 

Edition, including several unpublished Let- 
ters, together witli those edited by Miss 
Bekby. With Portraits, Vignettes, and 
Facsimile. 2 vols. post 8vo. price 15s. 

The Life of William Lord Russell. By 

the Bight Hon. Lord John Russell, M.P. 
The Fourth ]2clil-ion, complete in One 
Volume ; with a Portrait engraved on Steel 
by S. BcUiii, from the original by Sir Peter 
Lely at Woburn Abbey. Post 8vo. 10s. fid. j 


St. John* (the Hon. P.) — Rambles in 

Search of Sport, in Germany, Franco, Italy, 
and Russia. By the Honourable Fehdinand 
St John. "With Four coloured Plates. 
Post 8vo. price 9s. fid. 

St. John (H.)--The Indian Archipelago ; 

Its History and Present State. By Horace 
St J OHN, Author of The British Conquests in 
India^ &c. 2 vols, post 8vo. price 21a. 

The Saints our Example. By the Author 

of Letters to Mij Unkuoivu Friends^ &c. Fcp. 
8vo. price 78. 

Schmitz.— History of Greece, from the 
Earliest Times to the Taking of Corinth by 
the Romans, b.c. 14fi, mainlv based upon 
Bisliop Thirl w^all’s History or Greece. By 
Dr. Leonhaud Sc HM m. F.R.S.E,, Rector 
of the High School of Edinburgh. New 
Edition. i2mo. price 7 <j. Si. 

Scrivenor— History of the Iron Trade, 

from the Earliest Records to the Present 
Period. By Haeby Scbivbnor, Author of 
The Railways of the United Kingdom, New 
Edition, revised and corrected. 8yo. lOs. fid. 

Sir Edward Seaward’s Narrative of his 

Shipwreck, and consequent Discovery of 
certain Islands in the Carribbean Sea. 
Third Edition. 2 vols. post 8vo. 213.— An 
Abridgmknt, in IGmo. price 2s. fid. 

Self-Denial the Preparation for Easter. 

By the Autlior of Letters to my Unknown 
Fritmdsj &o. Fcp. 8vo. price 2s. fid. 

The Sermon in the Mount. Printed by 

C. Wliittingliam, uniformly with the Thumb 
Bible J bound and clasped. fi4mo. price 
Eighteenpence. » 

Sharp’s New British Gazetteer, or Topo- 
graphical Dictionary of the British Islands 
and Narrow Seas : Comprising concise De- 
scriptions of about Sixty Thousand Places, 
Seats, Natural Features, and Objects of Note, 
founded on the best Authorities j full Par- 
. ticulars of the Boundaries, Registered Elec- 
’ tors, &c. of the Parliamentary Borouglis ; 
with a reference under every name to the 
Sheet of the Ordnance Survey, as far as com- 
pleted ; and an Appendix, containing a 
General View of tlie Resources of the United' 
Kingdom, a Short Chronology and an 
Abstract of Certain Results of the last 
Census, 2 vols. 8vo. price £2. 16s, 
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NEW WORKS AND NEW EDITIONS 


Sewell. — Amy Herbert. By a Lady. 

Indited by the llov. William 8kavell,B.D. 
Fellow and Tutor of Exeter College, Oxford. 
New Edition. Fcp. 8vo. price Gh. 

Sewell.~The Earl’s Daughter. By the 

Author of Amy Herbert, Edited by the Rer. 
W. Sewkll, B.I). 2 vols. fcp. 8vo. 9s. 

Sewell. — Gertrude : A Tale. By the 

A utlior of Amy Herbert, Edited by tlie Rev. 
W. Sewell, B.D. New Edition. Fcp. 
8vo. price Gs. 

Sewell.— Laneton Parsonage : A Tale for 

Clnldren, on the Practical Use of a portion 
of the Church CatecliisTn. By tlic Author 
of Amy Herbert, Edited by the Rov. W. 
Sewell, B.I). New Edition. 3 vols. fcp. 
8 VO. price IGs. 

Sewell. — Margaret Percival. By the 

A utlior of Amy Herbert, Edited by the Rev. 
W. Sewell, B.D. New Edition. 2 vols. 
fcp. 8vo. price 128. 

By the same Avthor^ 

Cleve Hall. 2 vols. fcp. 8vo. 12s. 

Katharine Ashton. New Edition. 2 vols. 

fcp. 8vo. price 12s. 

The Experience of Life. New Edition. 

F(ip. 8vo. i)rice 7s. Gd. 

Readings for a Month preparatory to 

Confirmation ; Com])iled from tlieWork.sof 
Writers of the Early and of tlie English 
Clmreli, Fep. 8vo. price Ss, Gd. 

Readings for Every Day iti Lent: Com- 
piled from the Writings of Bisjioi* Jehemy 
TAXLOii. Fcp. 8vo. price Ss. 


Bowdler’s Family Shakspeare : In which 

nothing is to tlie Original Text; but 

those words and expressions are omit ted 
w'hieh cannot with propriety be rend aloud. 
Now' ICdition, in Pocket Volumes ; wdtb bG 
Woodcuts, from Designs by Snairkc, Howard, 
and other Art ists. 6 vols. fep. 8vo. 30s. 

A LiimABY Edition, with the same 
illustrations, in 1 vol. medium 8vo. price 21 b. 

Short Whist; Its Rise, Progress, and 

Laws : With Obsorvat ions to make any one a 
Whist Player. Containing also the Law's of 
Piquet, Cnssino, Ecarte, Cribbage, Baek- 
gaminon. By Major A, New Edition j to 
which are added. Precepts for Tyros, by 
Mrs. B. Fcp. 8vo. 3s. 


Sinclair. — The Journey of Life. By 

Cathebinb SlNCLAiH, Author of The Busi - 
ness of Life, New Edition, corrected and 
enlarged. Fcp. 8vo. 5s. 

Sir Roger De Coverley. From The Spec- 
tator. With Notes and Illustrations, by 
W. Henbt Wills ; and 12 Wood Engrav- 
ings from Designs by E. Tatleb. Second 
and cheaper Edition. Crown 8vo. 10s. Gd. ; 
or 21s. in morocco by Ilayday. — An Edition 
without Woodcuts, in IGmo. price Is. 

Smee’s Elements of Electro-Metallurgy. 

Third Edition, revised, corrected, and con- 
siderably enlarged; with Eha'trotyjies untl 
numerous Woodcuts. Post 8vo. [irice 10s. Gd . 

Smith's Sacred Annals.— Sacred Annals ; 
Vol. HI. The Gentile Nalioiis; or, Tlie 
History and Religion of the Eg 7 pti}in‘<, 
Assyrians, Babylonians, Modes, PersiaiKS, 
Greeks, and Romans, collected from ancient 
authors and Holy Scripture, and iTieliuiiug 
the recent discoveries in Egyjilian, Pt'i-siun, 
and Assyrian Inscriptions : Forming a com- 
plete coiincelion of Sacred and Profane His- 
tory, and shewing the Fulfilment of Sacred 
Propliecy. By Gkobqe Smith, h\A.S. &c. 
In Two Parts, crowai 8vo. price 12s. 

By the same Author^ 

Sacred Annals: Vol. I. The Patriarchal Age; 
or, Researches into the History and Re- 
ligion of Mankind, from tlie Creation of 
the World to the Death of Isaac. Crown 
8vo. 10s. 

Sacred Annals : Vol. II. The Hebrew People ; 
or, The History and Religion of tlie 
T.sraeliles, from tbo Origin of the Nation to 
the Time of Christ. In two Parts, crown 
8vo. jiricc 12s. 


A Memoir of the Rev. Sydney Smith. 

By his Daughter, Lady Holland. With 
a Seloel.ion IVtim his liOtters, Edited by 
Mrs. Austin. Third 'Edition^ 2 vols. 8vo. 
price 28s. 

The Rev. Sydney Smith’s Miscellaneous 

Works ; Including liis Contributions to Tlio 
Edinbnrgli Review'. Three Editions 

1. A Liuba BY Edition (the Fourth) ^ in 

3 vols. 8vo. w'ith Portrait, 3Gs. 

2. Complete in Onk Volume, wdth Por- 

trait and Vignette. Square crown 
8vo. price 218. clotli ; or 30s. calf. 

3. Another New Edition, in 3 vols. fcp. 

8vo. price 218. 
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The Rev. Sydney Smith’s Elementary 

Skctclies of Moral Plulosopliy, dclh^ered at 
the Royal Institution in the Years 1804, 
1805, ami 1806. Third and cheaper Edition. 
lu*p. 8vo. 73. 

Robert Southey’s Complete Poetical 

Works ; coiifaiuing all the Author’s last In- 
troduetiong and Notes. Coiupletc in One 
Yolinne,with PortraitaiidVignelto. Medium 
8vo. price 21s. cloth ; 42s. bound in morocco. 
,^Or in 10 vois. fcp. 8vo. with Portrait and 
19 Plates, price 358. 

Select Works of the British Poets ; from 

Chaucer to Lovelace, inclusive. With 
Biogvapliieal Sketches by the late Robeut 
Southey. Medium 8vo. price SOs. 

% 

Southey’s The Doctor &c. Complete in 

One Volume. Edited by the Rt‘v. J, W. 
Wauter, B.D. With Portrait, Yignolt-e, 
Bust, and coloured Plato. Now Edition. 
S(iuaro crown 8vo. price 218. 

Southey’s Commonplace Books. Comprising— 
1. Ciioico Passages: Witli Collections for 
the Jfistory of Manners and Literature in 
England; 2, Special Collections on various 
Historical and 'riicologicul Subjects ; 3. Ana- 
lytieal Ih'adings in various brancljes of 
liheraliirc ; and 4. Original AriMuoranda, 
Literury and Alisccllaueous. Edited by 
tlio KeV. .1. W. Waktkk, B.D. 4 vols. 
square crown 8vo. price i’3. ISs. 

Kiu'h Cojummptnre Hook, conipU te in it^eir, m.iy l.e hail sciia 
lati-Iy uh IdllowB;— 

Fi K'vr Shun fc-Clh )1(’E I’ASSAOKS, Sic. l>^s. 

SecosI/ SniihH— Sl'KCtAL (’OL1,I.(;TION’S, Ish. 

Ti iiniSKRihb-ANAl.Y'nCAl. liKMIINOS. ais. 

I’ui iiTH .Sj ujkb-OKIGINAL MKMt)U\NJ»A, .Vr. 21 b. 

The Life and CoiTespondence of the late 

Robert Southey. Edited by liis Son, the 
Rev. C. C. SouTHEr, M.A., Vicar of j 
Ardleigli. With Portraits, and Landscape 
llliihl rations. 6 vols. post 8vo. price 63s. 

Southey’s Life of Wesley ; and Rise and 
Progrpss of Metliodism. New Edition, with 
Notes and Additions. Edited by the Rev. 

C. C. Southey, M.A. 2 voLs. 8vo. with 
2 Portraits, price 288. 

Spencer.— The Principles of Psychology. 

By ITerbebt Si’ENCER, Author of Social 
Siatics. 8vo. IGs. 

Stephen.— Lectures on the History of 
Jt'rance. By the Right Hon. Sir James 
rTEBiiKN, K.C.B. LL.D. Professor of Modern 
]lislory in the University of Cambridge. 
i eeond Kdiiioii. 2 vols. 8vo. price 24s. 


Stephen-Essays in Ecclesiastical Bio- 

graphy ; from The Edinburgh Review. By 
the Right Hon, Sir James Stephen, K.C.B. 
LL.D. Third Edition. 2 vols. 8vo. 248. 

Stonehenge.—The Greyhound: Being a 

Treatise on the Art of Breeding, Rearing, 
and Training Greyhounds for Public Run- 
ning; their J)isea8es and 'Treat ment: Con- 
taining also. Rules for the Management of 
Coursing Meetings, and for tlic Decision of 
Courses. By Stonehenoe. Witli numerous 
Portraits of Greyhounds, Ac. engraved on 
Wood, and a Erontispieee engraved on 
Steel. Square crown 8vo. price 218. 

Stow —The Training System, the Moral 

Training School, and the Normal Seminary 
for preparing Scliool-Trainers and Go'- 
vernesses. By I) AVi d Stow, Esq ,, H onorury 
Secretary to the Glasgow Normal Free 
Seminary. Tenth Edition ; with Plates and 
Woodcuts. Post 8vo. price 6s. 

Dr. Sutherland’s Journal of a Voyage in 

Batlin’s Bay and Barrow’s Straits, in tlie 
Years 1850 and 1851, performed by ILM. 
Shi})s Ladt/ Fmnk/iu and Sophia^ under the 
command of Mr. W. Tcmny, in search of 
the Crews of H.M. Ships Kr/das and Tarror^ 
With Charts and Illustrationa. . 2 vols. 
post 8vo. price 278. 

Tagart.—Locke’s Writings and Philo- 
sophy Historically considered, and vindicated 
from the charge of contributing to the 
sce)>licism of 11 ume. By Edward Tagart, 
F.S.A., F.L.S. Bvo. 128.Gd. 

Tate.- On the Strength of Materials; 

Containing various original and useful For- 
mula;, specially applied to Tubular Bridges, 
Wrought Iron and Cast Iron Beams, &e. 
By Thomas Tate, F.R.A.S. 8vo. price 5s. 6d. 

Tayler.— Christian Aspects of Faith and 

Duty : T’wenty Discourses. By John 
James Tayler, B.A. Second Edition. 
Post 8vo. 7s. 6d. 

Taylor.— Loyola; And Jesuitism in its 

Rudiments. By Isaac Taylor.. Post 8vo. 
wit h Medallion, price lOs. Gd. 

Taylor.-Wesley and Methodism. By 
Isaac Taylor. Post 8vo. with a Portrait, 
price lOs. 6d. 

Tegoborski— Commentaries on the Pro- 
ductive Forces of Russia. By L. De 
Tegohorski, Privy-Councillor and Member 
of the Imperial Council of Russia. Vol. 

8vo. 14s. 
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NEW WOEES Am NEW EDITIONS 


Thirlwall.- The History of Greece. By 
tlio Eight Eev. the Lord Bishop of St. 
David’s (tlie Eev. Connop Thirl wall). An 
improved Library Edition ; with Maps. 8 
vols. 8vo. price £3. 

*** Also, an Edition in 8 vols. fcp. 8vo. 
with Vignette Titles, price 288. 

Thomson (the Rev. W.)““The Atoning 

Work of Christ, reviewed in relation to some 
current Theories j in Eiglit Bamptou Lec- 
tures, with numerous Notes. By the Eev. 
W. Thomson, M.A., Fellow and Tutor of 
Queen’s College, Oxford. 8vo. 8s. 

Thomson (the Eev, W.) — An Outline of the 
Laws of Thought : Being a Treatise on 
Pure and Applied Logic. By the Eev. W. 
Thomson, M.A. Third Edition, enlarged. 
Fcp. 8vo. price Ts. 6d. 

Thomson’s Tables of Interest, at Three, 

Four, Four-and-a-ITalf, and Five per Cent., 
from One Pound to Ten Tliousand, ami from 
1 to 365 Days, in a regular progression of 
single Days j witii [ntorest at all the above 
Eates, from One to Twelve Months, and 
from One to Ten Years. Also, numerous 
other Tables of Exchanges, Time, and Dis- 
counts. New Edition. 12mo. price 8s, 

Thomson’s Seasons. Edited by Bolton 

CORNEY, Esq. Illustrated with 77 fiuo 
Wood lingravings from DesignvS by Mem- 
bers of the Etching Club. 8(iuare crown 8vo. 
21s, cloth j or, 3Gs. bound in morocco. 

The Thumb Bible ; or, Verbum Sempi- 

ternuin. By J. Taylor. Being an Epi- 
tome of the Old and New Testaments in 
English Verso. Eeprinted from the Edition 
of 1603 i bound ami clasped. GTmo. Is. 6d. 

Tooke.— History of Prices and of the 

State of the Circulation, from 1847 to the 
close of 1851-. By Thomas Tooke, F.B.S. 
With Contributions by William Nkw- 
MAECn. lleing the Fifth and concluding 
Volume of Tooke’s Iliitorif of Prices, with an 
Index to the whole work. 8vo. 

Townsend.—The Lives of Twelve Emi- 
nent Judges of tlie Last and of the Present 
Century. By W. C. Townsend, Esq., M.A., * 
Q.C. 2 vols. 8vo. price 288, 

Townsend.-~Modem State Trials revised 

and illustrated with Essays and Notts. By 
W. C. Townsend, Esq. M.A, Q.C. 2 vols. 
8vo. price 30s. 

Trollope.— The Warden. By Anthony 

Trollope. Post 8vo. 10s. 6d. 


Sharon Turner’s Sacred History of the 

World, attempted to be Philosophically 
considered, in a Scries of Letters to a Son. 
New Edition, edited by the Author’s Son, 
the Eev. S. Turner. 3 vols. post 8vo. 
price 318. 6d. 

Sharon Turner’s History of England 

during the Middle Ages: Comprising the 
Ecigns from the Norman Comjucst to tlie 
Accession of Henry VIJ F. Fifth Edition, 
revised by the Eev. S. Turner. 4 vols. 
8vo. price 508. 

Sharon Turner’s History of the Anglo- 

Saxons, from the Earliest Period to the 
Norman Conquest. The Seventh Edition, 
revised by tlie EcV. S. Turner. 3 vols. 
8vo, price 36s. 

Dr. Turton’s Manual of the Land and 

Fresh-wator SlioUs of the British Islands. 
A New Edition, with eonsidcrablo Additions 
by John Edward Gray : With Woodcuts, 
and 12 coloured Plates. Post 8vo. ])rico 1 5s. 

Twining.— Types and Figures of the 
Bible., Illustrated by the Art of the FCarly 
and Middle Ages. By Miss Louisa 
Twinino, Author of Si/nibols and Pm hi cm s 
of Early and Meduevai Chrhlinn Jri, With 
51 Plates, comprising 207 Figures. Post 
4to. 21s. 

Dr. lire’s Dictionary of Arts, Manufac- 
tures, ami Minos : Containing a clear Expo- 
sition of tlii‘ir PriiKjiplcs and Practieo. 
Fourtli Edition, mueh enlarged ; vvitli all 
th(! Information conqiriscd in the Si/pyiejnenf 
of liecenl Improocmenfs brouglit down to 
t lie Present Time and incorporated : Most 
of the Articles biing entirely re- written, 
and many now Artieles now first added. 
With nearly 1,600 Woodcuts. 2 vols. 8vo. 
price 60s. 

Vehse. — Memoirs of the Court, Aris- 
tocracy, and Diplomacy of Austria. By 
3)r. E. V EHSR. Translated from the Gennan 
by Franz Dkmmler. IJn . tlie press . 

Waterton.— Essays on Natural History, 
chielly Ornithology. By C. Wateuton, Esq. 
With an Autobiography of the Autlior, and 
Views of Walton Hall. New and cheaper 
Edition. 2 vols. fcp. 8vo. price 10s. 

Separately ; Vol. I. (First Scries), 6s. 6d. 
Vol. II. (Second Series), 4s. 6d. 

Alaric Watts's Lyrics of the ’Heart, and 

other Poems. With 41 liighly-linishcd 
Line Engravings, executed expressly for the 
work by the most eminent Painters and 
Engravers. Square crown 8vo. price 31s. 6d. 
boards, or 45s. bound in morocco j Proof 
Impi'cssions, 633, boards. . 
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THE TRAVELLER’S LIBRARY. 

IN COUESE OF rV]iLl^.AT10N IN PARTS AT One SHILLING AND IN YOLGMIlS 
PiaCE IIALF-A-CIIOWN EACH : 

Comprising books of valuable information and acknowledged merit, iu a 
form adaptt'd for reading wliile Travelling, and also of a eliaraeter that 
will render them wortliy of preservation. 


VoL. ], 

2 . 

3, 

4. 
5 
6 . 
7. 
a. 
y. 

10 . 

11 . 

12 . 

13. 

14. 

15. 

10 . 

17. 

18. 

10 . 

20 , 

21 . 


32. 

33. 

34. 

35. 

30. 

37. 

.38. 

39. 


41. 

42. 


List of 43 Volumes already published. 

Mr. MACAULAY’S ESSAYS on WARREX HASTINGS and LORI) CLIVE .... 

ESSAYS on PITT and CHATHAM, RAXKE and GLADSTONE .... 

LAING’s RESIDENCE in iNUllWAY 

IDA PFElFEER's LADV’s VOYAGE ROUND the WORLD 

EOTllEN, or TRACES of TRAVEL from the EAST 

IIUC’s TRAVELS in TARTARY, THIBET, and CHINA 

THOMAS UOLCROrrs MEMOIRS 

WERNE»s AFRICAN WANDERINGS 

MRS. JAME.SON’a SKETCHES in CANADA 

Mr. MACAULAY’S ESSAYS on ADDISON. WALPOLE, and LORI) BACON... 

JERRMANN’s PICTURES from ST. PETEPvSBURG 

THE REV. G, R. GLEIG’s LEIPSIC CAMPAIGN 

HUGHES’S AUSTRALIAN COLONIES 

SIR EDWARD SKA WARD’S SlIiPWUECK 

ALEXANDRE DUMAS’ MEMOIRS of a MAITRE D’ARMES 

OUR COAL FIEI.ns and OUR COAL PITS 

M‘CULL()Cll’s LONDON; and GIRONIKRE’s PHILIPPINES 

SIR ROGER DE COVERLEY; and SOUTHEY’S LOVE STORY 

I LORI) CARLISLE’S LJ<:CTURES and ADDRES.SE.S; and | 

[ JEHREY’s ESSAYS on SWIFF and RICHARDSON | 

HOPE’S BIBLE in BRllTANY, and CHASE in BRITTANY 

THE ELECTRIC TELEGRAPH ; and NATURAL HISTORY of CREATION .. 

, MEMOIR of the DUKE of WELLINGTON ; LIFE of MARSHAL TURENXE.. 

TURKEY and CHRISTENDOM ; & KANKE’s FERDINAND and MAXIMILIAN, 
I BARROW’S CONTINENTAL TOUR; and | 

I FERGUSON’S SWISS AJEN and .SWISS MOUNTAINS J 

JSOUVESTRE’s ATTIC PHILOSOPHER in PARIS, and 
\ AVORKI NG M A N ’S CON FESSIONS 

. MACAULAY’S ES.SAYS on LORI) BYRON and the CO .MIC DRAMATISTS; 
and liis SPEECHES on PARLIAMENTARY REFORM (1831-32)... 
f SHIRLEY BROOKS’S KU.SSIANS of the SOUTH; aiul I 

I DR. KEMP’S INDICATIONS of INSTINCT j 

LANMAN’s ADVENTURES in the WILDS of NORTH AMERICA 

RUSSIA. By the xMAKQUIS DE CUSTINE 

SELECTIONS from the Rev. SYDNEY SMITH’S WRITINGS, Vol. I. . 

I BODEN.STEDT and tYAGNER’S SCHAxMYL; and] 

|m‘CULLOCH’S RU.SSIA and TURKEY j 

LAING’S xVOTES of a TRAVELLER, First Series - 

DUIIRIKU’S MOROCCO; and an E.SSAY on MORMONTSM 

RAMBLES in ICELAND, by PLINY MILES 

SELECTIONS from tlie Rev. SYDNEY .SMITH’S WRITINGS, Vol. IL . 
HAYWARD’S ESSAYS on CHESTERFIELD and SKL 
MISS MAYNK’S ARCTIC VOYAGES and DISCOVKK1E.S 
CORmVALI.: its MINES, MINERS, and SCENERY. . . 

DE FOE and CHURCHILL. By JOHN FORSTER. E.sq 
GRKGOKOVIUS’S CORSICA, translated by RUSSELL MARTINEAU, M.A 
r FRANCIS AKAGO’S AUTOBIOGRAPHY’, translated by tlie Rev. B. POWE 
[STARK’S PRINTING: Its ANTECEDENTS, ORIGIN, and RESULT 
MASON’S LIFE vvilh the ZULUS of NATAL, SOUTH AFRICA... 

FORESTER’S RAMBLES IN NORWAY 

( BAINES'S VISIT to the VAUDOIS of PIEDMONT [ 

j SPENCER'S RAILWAY MORALS and RAILWAY I’OLICY.. ) 


I Mr.: 
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NEW WORKS PUBLISHKD BY LONGMAN akd CO. 


Webster and Parkes’s Encyclopaedia of 

poiTiestic Economy j Comprising such sub- 
jects us are most immediately coimocted with 
Housekeeping : As, Tlie Construction of 
Domestic Edifices, with the modes of Warm- 
ing, Ventilating, and Lighting them— A de- 
scription of the various art icles of Eurnituro, 
with the nature of their Materials — Duties of 
Servants, Ac. New Edition j with nearly 
1,000 Woodcuts. 8 VO. price 50s. 

Weld.—A Vacation Tour in the United 
States and Canada. By C. B. Weld, 
Barristor-at-Law. Post 8vo. with Route 
Map, 10s. 6d. 

West. — Lectures on the Diseases of 

Infancv and Childliood. By Chaulks West, 
M.D., Physician to the Hospital for Sick 
Children J Pliysiciaii'Acconcheur to, and 
Lt’(!turer on Midwifery at, St. Bartholomew’s 
Hospital. TJiird Edition, revised and en- 
larged. 8vo. 14s. j 

Wheeler (H. M.)— A Popular Harmony 

of the Bible, Historically and Chronologically 
arranged. By Hkney M. Witeeleu, Author 
of Hebrew for Adults^ &c. Ecp. 8vo. Ss. 

Wheeler (J.T.)— The Life and Travels of 

Herodotus in the Eifth Century before 
Clirist 5 An imaginary Biogra])liy illustra- 
tive of the Ancient History, Manners, 
Religion, and Social Condition of the 
Greeks, Scythians, Egyptians, Plia'uicians, 
Lydians, Babylonians, Persians, and He- 
brews, in the Times of Perudes and 
Neheniiah. By J. Taluoyb Wiieeleb, 
E.R.G.S. 2 vols. post 8vo- \Jt(sl rccuhj. 

Wheeler.— The Geography of Herodotus De 
vclopcd, Explair^cd, and Illustrated from 
Modern Researches and Discoveries. By 
J. Talboys Wheeler, E.R.G.S. With 
Maps and Plans. 8vo. price 18s. 

Whitelocke’s Journal of the English 

Embassy to the Court of Sw'cden in the 
Years 1C53 aidl 1G54. A New Edition, 
revised by Henry Reeve, Esq., F.S.A. 

2 vols. 8vo. 24s. 

Willich’s Popular Tables for ascertaining 

the Value of Lifehold, Leasehold, and Church 
Property, Renewal ITines, &c. Third Edition, 
with additional Tables of Natural or Hyper- 
bolic Logarithms, Trigonometry, Astronomy, 
Geography, &c. Post 8vo. price Os. 

Lady Willoughby’s Diary (1635tol663X 

Printed, ornamented, and bound in the style 
of the period to which The JDiarj/ refers. 
Now Edition ; in Two Parts. Square fcp. 
8vo. price 8s. each, boards j or, bound in 
morocco, 18s. each. 


Wilmot’s Abridgment of Blackstone’s 

Commentaries on the Laws of England, in- 
tended for the use of Young PtTsons, and 
comprised hi a .series of Let tors from a Father 
to his Daughter. A New Edition, corrected 
and brought down to the Present Day, by 
Sir John B. Eardley Wilmot, Bart. 
12mo. price 6s. Gd. 

Wilson. — Bryologia Britannica: Con- 
taining the Moss(5s of Great Brilain and 
Ireland systematically arrangedand dcscrib(.‘d 
according to tlic Method of llrnch and 
Schimper ; with Gl iliiislrativc Plates, in- 
cluding 25 new ones engraved for tlio present 
work. Being a new Edition, with many 
Additions and Alterations, of tlie Mnscolof/in 
Britannica of Messrs. Hot^kcr and Taylor. 
By William Wilson, President of the 
Warrington Natural History Society. 8vo. 
42s. J or, with the Plates coloured, P J-. 1-s. 

Yonge.— A New English-Greek Lexicon : 

Contiiining all il)o Greek Words used by 
Writers of good authority. By C. D. 
Yonge, B.A. Post 4to. 21s. 


Yonge's New Latin Gradus : Containing 

every Word used by the Poets of good 
authority. By Authority and for tiie Use 
of Eton, Westminster, Winchester, Harrow, 
Charterhouse, and Rugby Sehools j King’s 
College, London ; and Alajlborough College. 
Third Edition. Post 8vo. 9s. 


Youatt.— The Horse. By William Youatt. 

M'^ith a Treatise of Draught. New Edit ion, 
with numerous Wood Engravings, from 
Designs by William Harvey. (Afessrs. 
Longman and Co.’s Edition should be or- 
dered.) 8vo. })riee iOs. 

Youatt.— The Dog. By William Youatt. 

A New Edition ; with numerous Engravijigs, 
from Designs by W. Harvey. 8vo, 6s. 

Young.— The Christ of History: An 

Argument- grounded in tlie Facts of His 
Life on Earth. By the Rev. .John YoirNc^, 
M. A., formerly of Albion Chapel, Moorfields. 
Post 8vo. 7s. Gd. 

Zumpt’s Grammar of the Latin Lan- 
guage. Translatefl and adapted for the 
iLse of Knglisli {Students by Dr. L. Schmitz, 
F.RS.E. : With numerous Additions and 
Corrections by the Author and Translator. 
4fch Edition, thoroughly revised. 8vo. 14's. 


[Seiilemher, 1855. 
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